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PREFACE 


The  object  wliich  we  have  had  in  view,  in  preparing  this 
work,  has  been  to  furnish  the  public  \\ath  a  clear  and  accurate 
description  of  the  more  recent  and  useful  improvements  in 
electrical  science,  and  especially  to  explain  the  i-)rinciplcs  and 
operation  of  that  marvellous  pmduction,  the  Speaking  Tele- 
phone. In  giving  particular  prominence  to  this  part  of  the 
subject,  however,  we  have  by  no  means  lost  sight  of  another 
matter  in  connection  therewith,  of  considerable  historical  im- 
portance, and  which  has  also  elicited  an  unusual  amount  of 
general  interest  The  question  as  to  whom  we  are  indebted  for 
the  telephone  is  one  which,  in  consequence  of  the  conflicting 
statements  that  have  appeared  from  time  to  time,  is,  to  s:iy  the 
least,  extremely  puzzling.  "We  have,  therefore,  endeavore<l  to 
give  it  the  attention  its  importance  demands,  in  order  to  arrive 
at  a  true  solution  of  the  problem,  and,  in  doing  so,  have  taken 
every  opportunity  to  consult  all  available  authorities  on  the 
subject  No  effort  has  been  spared  in  our  investigation  to 
obtain  all  the  facts  as  they  are;  and  these  are  now  given  as 
we  have  found  them,  without  favor  or  prejudice.  The  reader 
will  thus  be  enabled  to  judge  for  himself  just  what  measure  of 
credit  to  accord  to  each  of  the  different  experimenters  who 
have  been  engaged  with  the  problem  of  electrical  transmission 
of  articulate  speech,  and  whose  labors  have  been  crowned  with 
such  abundant  success. 
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.  Within  a  short  time  past,  a  very  extended  appUcation  of  elec- 
tricity to  illuminating  purposes  has  been  made,  both  in  this 
country  and  abroad,  and  just  now  i)ublic  interest  in  this  matter 
is  very  much  excited.  It  was  a  loug  time  after  Davy's  discovery, 
that  tlie  electric  current  was  capable  of  producing  the  most 
brilliant  light,  befoi-e  the  thought  was  seriously  entertained  of 
putting  this  agency  to  practical  use  as  a  light  .producing  power. 
But  with  the  introduction  of  Nollet's  improved  magneto-electric 
machines  the  thing  soon  became  an  accomplished  fact,  by  which 
the  solution  of  the  great  problem  is  to  be  attained.  Later  and 
more  efficient  machines  have  rendered  this  application  of  elec- 
tricity much  more  feasible,  and  to-day  its  field  of  usefulness  for 
certain  purposes  is  as  clearly  defined  as  that  of  steam  itselfl 
Whether  the  further  introduction  of  electricity  for  domestic 
lighting  will  realize  the  expectations  of  many  who  are  at  present 
studying  the  subject,  remains  yet  to  be  seen.  The  economical 
side  of  the  problem  is  still  a  debatable  subject,  and  one  also  of 
very  general  interest,  so  that  it  is  not  at  all  surprising,  consider- 
ing what  has  already  been  accomplished,  that  the  public  gives 
easy  credence  to  many  extravagant  statements  made  with  regard 
to  it 

How  much  ground  there  may  be  for  the  anticipations  of  suc- 
cess which  are  so  sanguinely  indulged  in  by  friends  and  pro- 
moters of  the  new  light  it  would  be  difficult  to  say,  as  consider- 
able secrecy  is  properly  maintained  in  regard  to  the  devices  at 
present  What  has  been  said  on  the  general  subject  in  the 
chapters  on  electric  lighting  will,  however,  give  the  reader  a 
fair  knowledge  of  what  has  already  been  done,  and  thus  enable 
him  to  judge  witli  some  degree  of  confidence  what  probability  of 
success  there  is  in  prospect  in  the  immediate  f utura 
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INTRODUCTION. 


When  Frankliu  drew  from  the  clouds  the  electric  spark 
upon  the  cord  of  his  kite,  it  seemed  obvious  that  electricity 
might  be  made  use  of  for  the  ])urj)ose  of  telegraphy;  and  more 
than  one  hundred  years  ago  Lesage  estaljlished  a  telegraph  in 
Geneva  by  the  use  of  frictional  electricity.  But  this  force  had 
very  little  power  when  transmitted  over  a  long  distance,  and 
that  little  was  practically  uncontrollable,  and  therefore  useless 
for  telegraphy. 

When  galvanism  was  discovered,  at  the  beginning  of  the  pres- 
ent century,  and  the  voltiiic  battery  invented,  it  was  at  once 
supposed  that  this  new  form  of  electricity  might  work  a  tele- 
graph, and  ten  years  later  the  chemical  telegraph  was  invented 
by  Coxe,  in  Philadelphia.  Under  this  system,  the  two  wires 
from  a  galvanic  battery  were  made  to  approach  each  other  iii  a 
cell  of  water.  When  the  galvanic  circuit  wtus  closed,  the  water 
between  the  opposite,  poles,  w^hich  were  near  each  other,  was 
decomposed,  and  a  bubble  of  hydrogen  rose  to  the  surface,  as 
the  bubble  from  champagne  does  in  the  wine  cup;  and  the 
observer,  seeing  it,  knew  that  a  current  was  passing,  and  that 
the  bubble  was  the  signal.     But  it  was  evanescent 

" like  snow  fuUs  in  tlie  rivor, 

A  moment  wliite,  then  melts  forever." 

In  1820,  Oersted  discovered  tliat  an  electric  current  would 
deflect  a  magnetic  needle,  and  Arago  and  Davy  simultaneously 
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discovered  that  a  piece  of  iron,  surrounded  by  a  spiral  wire 
through  which  a  current  of  galvanism  passed,  would  become 
magnetic.  From  this  fact  Ampere  deduced  the  hypothesis  that 
magnetism  is  the  circulation  of  currents  of  electricity  at  right 
angles  to  the  axis  joining  the  two  poles  of  the  magnet.  That 
was  a  brilliant  deduction  ;  but  no  practical  result  was  produced 
from  it  until  1825,  when  the  first  simple  electro-magnet  was 
made  by  Sturgeon,  who  bent  a  piece  of  wire  into  the  shape  of  a 
horseshoe,  and  wound  a  fine  wire  around  it  in  a  helix,  through 
which  the  galvanic  current  passed  ;  and  he  found  that  the  horse- 
shoe wire  was  magnetic  as  long  as  the  current  flowed.  Then 
at  once  an  attempt  was  made  with  Sturgeon's  magnet  to  produce 
the  electro-magnetic  telegraph,  but  without  success.  The  diflS.- 
culty  was  that  the  magnetic  power  could  not  be  transmitted  from 
the  battery  for  more  than  fifty  feet  with  Sturgeon's  magnet^ 
which  was,  therefore,  entirely  useless  for  the  purposes  of  a 
telegraph;  and,  in  1829,  Professor  Barlow  published  a  scientific 
demonstration  in  England,  which  was  accepted  by  the  scientific 
world,  that  an  electro-magnetic  telegraph  wiis  impossible ;  which 
was  true  in  the  then  state  of  knowledo^e. 

In  1830,  Professor  Henry  deduced  from  the  hypothesis  of 
Ampere  the  invention  now  known  as  the  compound  electro- 
magnet. He  also  answered  the  demonstration  of  Barlow,  and 
proved  that  the  electromagnetic  telegraph  was  possible.  In  the 
same  year  he  set  up  an  electro-magnetic  telegraph  in  Albany, 
over  a  line  of  a  mile  and  a  half  in  length,  using  a  polarized  relay, 
the  armature  of  which  was  pivoted  so  as  to  vibrate  between  its 
poles  as  the  current  of  electricity  was  reversed,  thus  transmitting 
intelligence  by  sound. 

In  1831,  Professor  Faraday  made  known  his  discovery  of 
the  phenomenon  of  magnetic  induction. 
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In  1834,  Gauss  and  Weber  constructed  a  line  of  telegraph, 
containing  about  15,000  feet  of  wire,  which  was  operated  by  the 
magneto-electric  currents  generated  in  a  coil  of  wire  when  the 
latter  was  moved  up  or  down  upon  a  permanent  magnet,  around 
which  it  was  placed.  The  slow  oscillations  of  a  magnetic  needle, 
caused  by  the  passage  of  the  current,  and  which  were  obser\'eii 
through  a  glass,  furnished  the  signals  for  correspondence.  Sir 
William  Thomson  has  since  greatly  improved  the  latter  appa- 
ratus, and  thereby  given  us  the  beautifully  sensitive  mirror  gal- 
vanometer which  bears  his  name. 

In  1887,  Steinheil  discovered  the  imjx)rtant  fact  that  the  earth 
would  serve  as  a  conductor,  thereby  saving  one  wire  in  forming 
a  circuit:  Cooke  invented  his  electro-magnetic  semaphore, 
known  as  the  needle  telegraph,  in  which  needles  swing  upon  the 
face  of  a  dial,  just  as  the  vanes  of  the  old  semaphores  swung 
on  the  hill  tops :  Morse  invented  his  electro-magnetic  telegraph, 
which  he  put  in  ojxjration  between  Raltimore  and  Washington 
in  1844:  and  Page  discovered  that  a  masical  sound  accom- 
panies the  disturbance  of  the  magnetic  forces  of  a  steel  bar, 
when  poised  or  suspended  so  as  to  exhibit  acoustic  vibrations. 

In  1861,  Reiss  discovered  that  a  vibrating  diaphragm  could  l^e 
actuated  by  the  human  voice  so  as  to  cause  the  pitch  and  rhythm 
of  vocal  sounds  to  bo  transmitted  to  a  distance,  and  reproduced 
by  electro-magnetism. 

In  1872,  Stearns  perfected  a  duplex  system,  whereby  two  com- 
munications could  be  simultaneously  transmitted  over  one 
wire ;  and,  in  1874,  Edison  invented  a  quadruplex  system  for 
the  simultaneous  transmission  of  four  communications  over  the 
same  conductor. 

In  1874,  Gray  invented  a  method  of  electrical  transmission  by 
means  of  which  the  intensity  of  the  tones,  as  well  as  their  pitch 
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and  rlij-tliin,  could  be  reproduced  at  a  distance ;  and  subsequently 
conceived  the  idea  of  controlling  the  formation  of  electric  waves 
bj-  means  of  the  \4brations  of  a  diaphragm  capable  of  responding 
to  all  the  tones  of  the  human  voice,  thus  solving  the  problem  of 
tlie  transmission  and  reproduction  of  articulate  speech  over  an 
electric  conductor. 

In  1876,  Bell  invented  an  improvement  in  the  apparatus  for 
the  transmission  and  reproduction  of  articulate  speech,  in  which 
magneto-electric  currents  were  superposed  upon  a  voltaic  cir- 
cuit, and  actuated  an  iron  diaphragm  attached  to  a  soft  iron 
magnet 

During  the  same  year,  Dolboar  conceived  the  idea  of  substitut- 
ing permanent  magnets  in  place  of  the  electro-magnets  and 
battery  previously  employed,  and  of  using  the  same  instrument 
for  both  sending  and  ivceiving,  instead  of  employing  instru- 
ments of  different  constructioD,  as  had  been  previously  dona 

In  1877,  Edison  applied  to  the  telephone  the  discovery  made 
by  himself  a  few  years  before,  of  the  variation  of  resistance 
which  carbon  and  certain  other  semiconductors  undergo  when 
subjected  to  a  change  of  pressure.  By  this  means  he  not  only 
succeeded  in  varpng  the  strength  of  the  battery  current  in 
unison  witli  the  rise  and  fall  of  the  vocal  utterances,  but,  at  the 
same  time,  also  obtiiined  louder  articulation. 


THE 

SPEAKING  TELEPHONE  AND  ELECTRIC  LIGHT. 


CHAPTER  L 

THE   SPEAKIXG   TELEPHONE. 

The  Speaking  Telephone,  a  recent  American  invention,  which 
at  the  present  moment  is  exciting  the  wonder  and  admiration  of 
the  civilized  world,  is  a  device  for  transmitting  to  a  distance, 
over  an  electric  circuit,  and  accurately  reproducing  at  any  desired 
place,  various  kinds  of  sounds,  including  those  of  the  human 
voice.  The  function  of  the  telephone  is  analogous  to  that  of 
a  speaking  tube  capable  of  almost  infinite  extension,  through 
which  conversation  may  be  carried  on  as  readily  as  with  per- 
sons in  the  same  room. 

Before  proceeding  to  give  a  description  of  the  apparatus 
employed  for  communicating  or  reproducing  articulate  speech  at 
a  distance  by  the  telephone,  it  will  be  well  to  devote  some  con- 
sideration to  the  process  by  which  the  ear  distinguishes  the  vibra- 
tions of  a  particular  tone,  or  the  aggregate  of  the  vibrations  of 
all  the  tones  which  simultaneously  act  upon  it,  for  by  this  means 
we  may  be  enabled  to  ascertain  the  conditions  under  which  the 
transmitting  and  receiving  apparatus  must  act  in  order  to  effect 
the  desired  result 

It  is  well  known  that  the  sensation  which  we  call  sound  is 
excited  by  the  action  of  the  vibrations  of  the  atmosphere  upon 
the  tympanum  or  drum  of  the  ear,  and  that  these  vibrations  are 
conveyed  from  the  tympanum  to  the  auricular  nerves  in  the 
interior  parts  of  the  ear,  by  means  of  a  mechanical  apparatus  of 
wonderful  delicacy  and  precision  of  action,  consisting  of  a  series 
of  bones  termed  respectively  the  hammer,  anvil  and  stirrup.  In 
the  process  of  reproducing  tones  by  electro-magnetism,  an  arti- 
ficial imitation  of  the  mechanism  of  the  human  ear  is  employed, 
consisting  of  a  stretched  membrane  or  diaphragm  corresponding 
to  the  tympanum,  which  by  its  vibrations  generates  and  controls 
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an  electric  circuit  extended  to  a  distant  station  by  a  metallic 
conductor. 

If  we  analyze  the  process  by  whicb  the  ear  distinguishes  a 
simple  sound,  we  find  that  a  tone  results  from  the  alternate  ex- 
pansion and  condensation  of  an  elastic  medium.  If  this  process 
takes  place  in  the  medium  in  which  the  ear  is  situated,  namely, 
the  atmosphere,  then  at  each  recurring  condensation  the  elastic 
membrane  or  tympanum  will  be  pressed  inward,  and  these  vibra- 
tions will  be  transmitted,  by  the  mechanism  above  referred  to,  to 
the  auricular  nerves. 

The  greater  the  degree  of  condensation  of  the  elastic  medium 
in  a  given  time,  the  greater  is  the  amplitude  of  the  movement  of 
the  tympanum,  and  consequently  of  the  mechanism  which  acts 
upon  the  nerves.  Hence  it  follows  that  the  function  of  the 
human  ear  is  the  mechanical  transmission  to  the  auditory  nerves 
of  each  expansion  and  contraction  which  occurs  in  the  surround- 
ing medium,  while  that  of  the  nerves  is  to  convey  to  the  brain 
the  sensations  thus  produced.  A  series  of  vibrations,  a  definite 
number  of  which  are  produced  in  a  given  time,  and  of  which  we 
thus  become  cognizant,  is  called  a  tona 

The  action  which  has  thus  reached  our  consciousness,  being  a 
purely  mechanical  one,  may  be  rendered  much  more  easy  of 
comprehension  by  graphical  delineation.  If,  for  example,  we 
assume  the  horizontal  line  a  6  to  represent  a  certain  period  of 
time,  let  the  curves  extending  above  the  line  a  h  represent  the 


successive  condensations  (  +  ),  and  the  curves  below  the  line  the 
successive  expansions  (  — ),  then  each  ordinate  represents  the 
degree  of  condensation  or  expansion  at  the  moment  of  time  cor- 
responding to  its  jx)sition  upon  the  line  a  h  and  also  the  amplitude 
of  the  vibrations  of  the  tj^mpanum. 

A  simple  musical  tone  results  from  a  continuous,  rapid  and 
uniformly  recurring  series  of  vibrations,  provided  the  number  of 
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CCtnplet^  \nbrations  per  .second  falls  witlun  certain  limits.  If, 
for  example,  the  vibrations  number  Jess  than  geven  or  eiglit  per 
second,  a  series  of  successive  noises  are  beard  instead  of  a  tone, 
while  if  tbeir  nnmbcr  exceeds  forty  thousand  per  second,  the 
ear  T>ecomes  incapable  of  appmciatiug  the  sound. 

The  ear  distinguishes  thrt*e  distinct  chanicteristics  of  sound; 

1,  The  lone  or  pitch,  by  virtue  of  which  sounds  are  high  or 
lowj  and  which  depends  upon  the  rapidity  of  tlie  vibratory  move- 
ment The  more  rapid  the  vibmtions  the  more  acute  will  be  the 
sound, 

2,  The  irtuusuy,  oy  virtim  ui  wiiicii  sounds  '  i  , 
and  wliich  depends  uj>on  the  auiplitude  of  the  \  i            i  . 

3,  The  quality^  by  which  we  are  able  to  distinguish  a  note 
sounded  upon,  for  example^  a  violin,  from  the  same  uoto 
when  sounded  upon  a  Jiute.  By  a  remarkable  series  of  experi- 
mental  investigations  Helmholtz  succeeded  in  demonstrating 
that  the  diilercnt  qualities  of  sounds  doj>end  altogether  upon  the 
number  and  intensity  of  the  ov^ertones  which  accompany  the 
primary  tones  of  those  sounds.  The  different  characteristics  of 
soun<l  may  l>e  grai>bically  represented  and  the  phenomena  thus 
rendered  more  easy  of  comprehension. 

In  fig.  1,  f*>r  example,  let  the  lines  c  8  represent  a  certain 
length  of  time,  and  the  continuous  curved  line  the  successive 
vibrations  producing  a  simple  tone.  The  curves  above  the  line 
repn*st;nt  the  compression  of  tlie  air,  and  those  below  tlie  line 
its  rarefaction ;  the  air,  an  elastic  medium,  is  thus  thrown  into 
'^nbrations  which  transmit  the  i*ound  waves  to  the  can  The  ear 
is  unable  to  appreciate  any  sensations  of  sound  other  than  those 
producHjd  by  vibrations,  which  may  be  represenleil  by  curves 
^similar  to  that  above  described.  Even  if  several  tones  are  pro- 
duced simultaneously,  the  elastic  medium  of  transmission  is 
under  the  influence  of  several  forces  acting  at  the  same  time, 
at  '  '  1.  are  subject  to  the  ordinary  laws  of  mechanics.  If  the 
cIj  iji-ces  act  in  the  same  direction  the  total  force  is  rep- 

resented  by  tlieir  sum,  while  if  they  act  in  opposite  directionB,  it 
is  represented  by  the  difference  between  them. 
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In  fig.  1  three  distinct  simple  tones,  c,  g  and  e  are  represent 
the  rapidity  of  the  vibrations  being  in  the  projx>rtioii  of  8,  6 
and  6.  The  composite  tone  resulting  from  the  simultaneous  pro* 
duction  of  the  three  simple  tones  is  represented  graphically  by 
the  fourth  line,  which  correctly  exhibits  to  the  eye  the  effect  pro^. 


duccd  upon  the  ear  by  the  three  simultaneously  acting  simf 
tones. 

Fig.  2  represents  a  curve  formetl  of  more  than  three  tone 
in  which  the  relations  r'o  not  appear  so  distinctly »  but  a  music 
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Xpert  will  readily  recognize  them,  even  when  it  would  he  diffi- 

alt  in  practice  for  him  to  distinguish  the  simple  tx)nes  in  such  a 

^hord. 

This  method  of  showing  the  action  of  tones  upon  the  human 

possesses  the  adv  ■  *^  ^  of  giving  the  clearest  illustration 

possible  of  the  entirv-  . 

We  may  even  understand  by  reference  to  fig.  3  why  it  is  that 
the  ear  is  so  disagreeably  affected  by  a  discord- 
It  will  be  observed  that  the  curves  in  tlic  diagram  represent 
;he  three  characteristics  of  sound  which  have  been  referred  to. 
The  pitch  m  denoted  by  the  number  of  vibrations  or  waves  re- 
curring within  a  given  horizontal  distance;  the  iiitensity  by 
the  arapUtude  of  the  vibrations — that  is  their  comparative 
eight  above  or  deptli  below  tlie  horizontal  line — and  the 
uality  by  the  form  of  the  waves  themselves.  It  is,  thej-eforc, 
\y  to  understand  that  if,  by  any  means  whatever,  we  can  pro- 
uce  vibrations  whose  curves  correspond  to  those  of  a  given 
ne  or  a  given  combination  of  tones,  the  same  impression  will  be 
roduced  upon  the  ear  that  would  have  been  produced  by  the 
original  tone,  whether  simple  or  composite 

The  earliest  experiments  in  the  production  of  musical  sounds 
t  a  distance,  by  means  of  electro-magnetism,  apj^ear  to  have 
[been  made  in  1S81  l.)y  Philip  Reiss,  of  Friedrichsdorfj  Germany* 
His  apparatus  was  constructed  in  the  manner  shown  in  fig.  4 

A  is  the  transmitting  aad  B  the  receiving  apparatus^  which 
re  supposed  to  be  situated  at  different  stations.    For  the  sake  of 
clearness,  th"      r^'  nces  by  which  the  apparatus  is  arranged  for 
reciprocal  ti..  loa  jp  one  direction  or  the  other  have  been 

omitted.  Furthermore,  it  may  be  well  to  state  that,  as  the  ap- 
paratus was  constructed  merely  for  the  purpose  of  makitig  known 
to  a  wider  circle  the  discoveries  which  had  thus  far  been  made, 
the  possibility  of  extending  the  action  of  the  apparatus  to  a  dis- 
tance beyond  the  limit  of  the  direct  action  of  the  current  had  not 
been  taken  into  consideration.  This  is  a  me^e  questiofi  of  me* 
chanical  construction,  and  has  no  especial  bearing  upon  the  phc- 
nomcDa  under  consideration.     The  tone  transmitter  A,  figure  4, 
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is  on  tbe  one  band  connected  by  a  metallic  conductor  with  the 
tone  receiver  B  at  the  distant  station,  and  on  the  other  with  the 
battery  C  and  tbe  earth,  or  the  return  conductor.     It  coosists  of 


a  conical  tube,  a  i,  about  6  inches  in  length,  and  having  a  di- 
ameter of  4  inches  at  the  larger  and  1 J  inches  at  tbe  sraaller  end» 
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It  was  found  by  experimeot  that  the  material  of  which  the  tube 
,waa  constructed  had  no  influeiice  upon  the  action  of  the  appa- 
Wtofl,  and  the  same  is  true  as  to  its  length.  An  increase  in  the 
diameter  of  the  tube  was  found  to  impair  the  eftect*  The  inner 
surface  of  the  tube  should  be  made  as  smooth  as  possible.  The 
smaller  or  rear  end  of  the  tube  is  closed  by  means  of  a  collodion 
membrane,  o,  against  the  centre  of  which  rests  one  extremity,  c, 
of  the  lever  c  rf,  whicli  lever  is  in  electrical  connection  with  the 
metallic  conducting  wire  through  its  pjint  6  and  supporting 
bracket.  Hie  proper  length  and  proportion  to  be  given  to  the 
respective  arms  c  e  and  d  <?  of  the  lever  c  e  d  is  determined  by 
mechanical  considerations.  It  is  advisable  that  the  length  of  the 
rm  c  e  should  be  greater  than  that  of  d  e^  so  as  to  produce  the 
neceeeary  movement  at  c  with  the  least  possible  exertion  of 
force  at  d.  The  lever  itself  should  be  made  as  light  as  possible, 
n  order  that  it  may  follow  with  certainty  the  movements  of  the 
lembrane,  as  any  inaccuracy  in  this  respect  will  give  rise  to  a 
me  at  the  receiving  station.  When  the  apparatus  is  in  a 
fitate  of  rest  the  contact  at  d  ^  is  closed ;  a  delicate  spring  n 
ain tains  the  lever  in  this  position.  The  metallic  standard  /  is 
nected  with  one  pole  of  the  battery  C,  the  other  pole  of  which 
nnected  to  the  earth,  or  to  the  return  wire  leading  to  the 
ther  station.  A  flat  spring  r^  is  attached  to  the  standard  f^  and 
provided  with  a  contact  ]>oint  corresponding  to  that  at  d  upon 
be  lever  c  d.  The  position  of  this  contact  point  may  be  adjusted 
y  means  of  a  screw  A. 

In  order  to  prevent  the  interference  occasioned  by  the  action 
f  the  sonorous  vibrations  of  the  atmosphere  upon  the  back  side 
of  the  membrane,  when  making  use  of  the  apparatus^  it  is  advis- 
.ble  to  place  a  disk  about  twenty  inches  in  diameter  upon  the 
ube  a  i,  in  the  form  of  a  collar  or  flange,  at  right  angles  to  its 
ongitudinal  axis. 
The  tone  receiver  B,  fig.  4^  consists  of  an  electro-magnet  m, 
ounted  upon  a  sounding  box  or  resonator  w,  and  included  in 
he  circuit  of  the  electrical  conductor  from  the  transmitting 
tation.     Facing  the  poles  of  the  electro-magnet  is  an  armature 
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which  is  attached  to  a  broad  but  thin  and  light  plate,  i>  whic'i 
should  be  made  as  long  as  possible.  The  lever  and  t^rmatun 
are  suspended  from  the  upright  support  k^  in  the  manner  of  a 
pendalum,  its  motion  being  regulated  by  the  adjuating  screw- 1 
and  the  spring  s. 

In  order  to  increase  the  volume  of  sound,  the  tone  recei\rer 
may  be  placed  at  one  of  the  focal  points  of  an  elliptical  chamber 
of  suitable  size,  while  the  ear  of  the  listener  is  placed  at  tho 
other  focal  point. 

Tho  operation  of  the  apparatus  is  as  follows;  When  the 
different  parts  are  in  a  state  of  rest  the  electric  circuit  is  closed. 
If  an  alteroate  condensation  and  rarefaction  of  the  air  ia  the 
tube  a  i  is  produced  by  speaking,  singing,  or  playing  upon 
a  musical  instrument,  a  corresponding  motion  is  communicated 
to  the  membrane,  and  from  thence  to  the  lever  o  d^hy  which 
means  the  electric  circuit  is  alternately  opened  and  closed  at  dg, 
each  condensation  of  the  air  in  the  tube  causing  the  circuit  to 
be  broken,  and  each  rarefaction  in  like  manner  causing  it  to  be 
closed.  Thus  the  electro-magnet  in  m^  of  the  apparatus  at  B, 
becomes  demagnetized  or  magnetized,  according  to  the  alternate 
condensations  and  rarefactions  of  tho  body  of  air  contained  in 
the  tube  a  b^  and  consequently  the  armature  of  tho  electro-mag- 
net is  thrown  into  vibrations  corresponding  to  those  of  the  mem- 
brane in  the  transtnitting  apparatus.  The  plate  t^  to  which  the 
armature  is  attached,  tmnsmits  the  vibrations  of  the  latter  to  tho 
surrounding  atmosphere,  wbich  in  turn  conveys  them  to  the 
ear  of  the  listener. 

It  must  however  be  admitted,  that  while  the  appturatus  which 
•has  been  described  reproduces  the  original  vibrations  with  per- 
fect fidelity,  so  fnr  as  their  number  and  interval  is  concerned,  it 
cannot  transmit  their  intensity  or  araplituJe.  The  accomplish* 
ment  of  this  laitcr  result  had  to  await  the  further  development 
of  the  invention. 

It  was  in  consequence  of  this  defect  in  the  apparatus  that  the 
more  inconsiderable  ditTcrences  of  the  original  vibrations  were 
distinguishe^l  with  great  dilEculty — that  is  to  say,  the  vowel 
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unds  were  heard  with  more  or  les5  indistinctoess,  for  the 

n  that  the  character  of  each  tone  depends  not  merely  upon 

he  number  of  the  sonorous  vibrations,  but  upou  their  iu tensity 

amplitude  also.    This  also  accounts  for  the  observed  fact  that 

hile  chords  and  melodies  were  transaiitted  and  reproduced  with 
a  surprising  degree  of  accuracy,  single  worJs,  as  pronounced  in 
reading  or  speaking,  were  but  indistinctly  heard,  :iUhough  in 

is  case,  also,  the  inflections  of  the  voice,  interrogative,  exclama- 

ry,  etc,  could  be  tlistingaished  without  difficulty. 

Figure  5  illustrates  another  form  of  Reiss's  apparatus. 

A  i3  a  hollow  wooden  box^  provided  with  two  apertures,  one 
I  the  t4>p  and  the  other  ifi  front     The  former  is  covered  with  a 

icmbrane  S,  such  as  a  piece  of  bladder,  tightly  stretched  in  a 


H^.  5, 


urcnl; 


Tar  frame.     When  a  person  sings  into  the  mouthpiece  M, 

phioh  is  inserted  in  the  front  opening,  the  whole  force  of  his 

iroice  is  concentrated  on  the  tight  membrane,  which  is  thrown 

ito  viVjrations  corresponding  exactly  with  the  vibrations  of  the 

j)roduced  by  the  soujid  of  the  singing.     A  thin  piece  of  pla- 

lum  is  glued  to  tlie  centre  of  the  membmne  and  connected 

rifch  the  binding  screw  a,  in  which  a  wire  from  the  battery  B  is 

Ked.     UfX)n  the  membrane  rests  a  little  tripod  e/g^  of  which 

be  feet  e  and/rest  in  meUd  cups  upon  the  circular  frame  over 

rbich  the  skin  is  stretched.     One  of  them,  /^  rests  in  a  mer- 

''cup  connected  with  the  binding  screw  b.    The  third  foot,  g^ 

sting  of  a  platinum  contact  point,  lies  on  the  strip  of  plati- 
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rmm  which  is  placed  upon  the  centre  of  the  vibrating  membrane 
and  hops  up  and  down  with  it.  By  this  means  the  closed  circuit 
which  passes  through  the  apparatus  from  a  to  6  is  momeiitarily 
broken  for  every  vibration  of  the  membrana  The  i-eceiving 
instnunent  R  consists  of  a  coil  or  heHx,  enclosing  an  iron  rod 
and  fixed  upon  a  hollow  sounding  box,  and  is  founded  on  the 
fact,  first  investigated  by  Prof  essor  Joseph  Henry,  that  iron  bars, 
whea  magnetized  by  means  of  an  electric  current,  become 
slightly  elongated,  and  at  tlie  interruption  of  the  ciu'rent  are  re- 
stored to  their  normal  length.  In  the  receiving  instrument  these 
elongations  and  shortenings  of  the  iron  bar  will  succeed  each 
other  with  precisely  the  same  interval  as  the  vibmtions  of  the 
original  tone,  and  the  longitudinal  vibrations  of  the  bar  will  be 
communicated  to  the  sounding  box,  thus  being  made  distinctly 
audible  at  the  receiving  station. 

It  will  be  seen  that  the  result  produced  by  these  devices  is 
not  the  veritable  transmission  of  sound  by  metms  of  the  electric 
current,  but  is  simply  a  rcprtxluction  of  the  tones  at  some  other 
point,  by  setting  in  action  at  this  point  a  similar  cause,  and 
thereby  producing  a  similar  effect 

It  is  obvious  that  this  apparatus,  like  the  one  previously  de- 
scribed, is  capable  of  producing  only  one  of  the  three  charac- 
teristics of  sound,  viz.,  its  pitch.  It  cannot  produce  different 
degrees  of  intensity  or  other  qualities  of  tones,  but  merely  sings 
the  melodies  transmitted  with  its  own  voice,  which  is  not  very 
unhke  that  of  a  toy  trumpet  Referring  to  the  graphic  I'epre- 
sentation  o!  the  composite  tone  in  fig.  1,  this  apparatus  would 
reproduce  the  waves  at  properly  recurring  intervals,  but  they 
would  all  be  of  precisely  the  same  amplitude  or  intensity,  for 
the  reason  tliat  they  are  all  produced  *by  an  electric  current  of 
the  same  strength. 

In  the  spring  of  1874  Mr.  Elisha  Gray,  of  Chicago,  invented 
a  method  of  electrical  tmnsmission  by  means  of  which  the  in- 
tensity of  the  tones,  as  well  as  their  pitch,  was  properly  I'epro- 
daced  at  the  receiving  statioa  This  was  a  very  important  dis- 
covery— in  fact,  an  essential  prerequisite  to  the  development  of 
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the  telephone,  both  in  respect  to  the  reproduction  of  harmonic 
musical  tones  and  of  articulate  speech,  as  it  enabled  any  required 
number  of  diflEerent  tones  to  be  reproduced  simultaneously  with- 
out destroying  their  individuality. 

In  this  method  the  transmitters  were  so  arranged  that  a  sepa- 
rate series  of  electrical  impulses  of  varying  strength  as  well  as 
rapidity  passed  into  the  line,  thus  reproducing  at  the  distant  end 
the  intensities  of  the  vibrations,  corresponding  to  the  graphic 
representation  on  the  fourth  or  bottom  line  of  fig.  1.  By 
this  means  a  tune  could  be  reproduced  at  any  distance  with 
perfect  accuracy,  including  its  pitch  and  varying  intensity  as 
well  as  quality  of  sound.     With  a  receiving  instrument  consist- 
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ing  of  an  electro-magnet,  having  its  armature  rigidly  fixed  to 
one  pole,  and  separated  from  the  other  by  a  space  of  ^^;j-  of  an 
inch,  and  mounted  upon  a  hollow  sounding  box,  which,  like  that 
of  a  violin,  responded  to  all  vibrations  which  were  communicated 
to  it,  the  tones  became  very  loud  and  distinct 

Subsequently  Mr.  Gray  conceived  the  idea  of  controlling  the 
formation  of  what  may  be  termed  the  electric  waves,  as  repre- 
sented in  the  diagram,  figs.  1,  2  and  8,  by  means  of  the  vibra- 
tions of  a  diaphragm  capable  of  responding  to  sounds  of  every 
kind  traversing  the  atmosphere,  so  arranged  as  to  reproduce 
these  vibrations  at  a  distance.  When  this  was  accomplished,  the 
problem  of  the  transmission  and  reproduction  of  articulate  speech 
over  an  electric  conductor  was  theoretically  solved. 
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The  principle  and  mode  of  operation  of  Gray's  original 
telephone  are  shown  in  the  accompanying  fig.  6.  The  per- 
son transmitting 'sounds  speaks  into  the  mouthpiece  T^.  D^ 
is  a  diaphragm  of  some  thin  substance  capable  of  respond- 
ing to  the  various  complex  vibrations  produced  by  the  human 
voice.  To  the  centre  of  the  diaphragm  one  end  of  a  light  metallic 
rod,  N,  is  rigidly  attached,  the  other  extending  into  a  glass  vessel 
J,  placed  beneath  the  chamber.  This  vessel,  whose  lower  end  is 
closed  by  a  metallic  plug,  P,  is  filled  with  slightly  acidulated 
water,  or  some  other  liquid  of  the  same  specific  resistance,  and 
the  metallic  plug  or  end  placed  in  connection  with  one  terminal 
of  an  electric  circuit,  the  other  end  being  joined  by  a  very  light 
wire  to  the  rod  N,  near  the  diaphragm.  It  will  thus  be  seen 
that  the  water  in  the  vessel  forms  a  part  of  the  circuit  through 
which  the  current  from  a  battery  placed  in  this  circuit  will  pass. 
Now,  as  the  excursions  of  the  plunger  rod  vary  with  the  ampli- 
tude of  the  several  vibrations  made  by  the  diaphragm  to  which 
it  is  attached,  as  well  as  with  the  rapidity  of  their  succession,  it 
will  readily  be  seen  that  the  distance,  and  consequently  the  resist- 
ance to  the  passage  of  tlie  current,  between  the  lower  end  of  the 
rod  and  the  metallic  plug,  must  vary  in  a  similar  manner,  and 
this  produces  a  series  of  corresponding  variations  in  the  strength 
of  the  battery  current 

The  receiving  apparatus  consists  simply  of  an  electro-magnet, 
H,  and  armature,  a  diaphragm,  D,  and  a  mouthpiece,  T.  The 
soft  iron  armature  which  is  attached  to  the  diaphragm  stands 
just  in  front  of  the  electromagnet;  consequently,  when  the 
latter  acts,  it  does  so  in  obedience  to  current  pulsations,  which 
have  all  the  characteristics  of  the  vibrating  diaphragm  D,  and 
thus,  through  the  additional  intermediary  of  the  soft  iron,  the 
vibrations  produced  by  the  voice  in  T  are  communicated  to  the 
diaphragm  T  of  the  receiving  apparatus,  and  thus  sounds  of 
every  character,  including  all  the  tones  of  the  human  voice,  are 
reproduced  with  absolute  fidelity  and  distinctness. 

In  the  summer  of  1876  Professor  A.  G.  Bell,  of  the  Boston 
University,  exhibited  at  the  Centennial  Exhibition,  in  Phila-I 
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delphia,  a  telephonic  apparatus,  diflEering  somewhat  in  its  details 
from  that  just  described,  by  which  articulate  speech  could  be 
transmitted  over  an  electric  circuit,  and  reproduced  at  a  distance 
with  some  degree  of  distinctness. 

The  principle  of  his  method  is  illustrated  in  fig.  7.  A  repre- 
sents the  transmitting  and  B  the  receiving  apparatus.  When 
a  person  speaks  into  the  tube  T,  in  the  direction  of  the  arrow, 
the  acoustic  vibrations  of  the  air  are  communicated  to  a  mem- 
brane tightly  stretched  across  the  end  of  the  tube,  upon  which 
is  cemented  a  light  permanent  bar  magnet  n  s.  This  is  in 
close  proximity  to  the  poles  of  an  electro-magnet  M,  in  the 
circuit  of  the  line,  which  is  constantly  charged  by  a  current 
from  the  battery  E.     The  vibrations  of  the  magnet  n  a  induce 
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magneto-electric  pulsations  in  the  coils  of  the  electro-magnet  M, 
which  traverse  the  circuit,  and  the  magnitude  of  these  pulsa- 
tions is  proportional  to  the  rapidity  and  amplitude  of  the  vibra- 
tions of  the  magnet ;  thus,  for  instance,  when  the  small  perma- 
nent magnet  is  made  to  move  toward  M,  a  current  of  electricity 
will  be  induced  in  the  cqils,  which  will  traverse  the  whole  cir- 
cuit. This  induced  electricity  will  consist  of  a  single  wave  or 
pulse,  and  its  force  will  depend  upon  the  velocity  of  the  ap- 
proach of  n  5  to  M.  A  like  pulse  of  electricity  will  be  induced 
in  the  coils  when  n  5  is  made  to  move  away  from  M ;  but  this 
current  will  move  through  the  circuit  in  an  opposite  direction, 
80  that  whether  the  pulsation  goes  from  A  to  B  or  from  B  to  A, 
depends  simply  upon  the  direction  of  the  motion  of  n  s. 
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The  electricity  thus  generated  in  the  wire  by  such  Tibrator 
movemeots  vari^  in  strength,  as  already  observed,  with  tt 
irariations  in  the  movement  of  the  arraature  ;  the  line  wire 
iween  two  places  will,  therefore,  be  fiUed  with  electrical  pu 
tiODB  exactly  like  the  serial  pulsations  in  structure. 

These  induced  electric  currents  are  very  transient,  and  theii 
effect  upon  the  receiver  R  is  either  to  increase  or  decrease  tm 
power  of  the  magnet  there,  as  they  are  in  one  direction  or  the 
other,  and  consequently  to  vary  the  attractive  power  exerci 
upon  the  iron  plate  armature. 

Let  a  simple  sound  be  made  in  the  tube,  consisting  of  25H 
vibrations  per  second ;  the  membrane  carrying  the  iron  will 
vibrate  as  many  times,  and  so  mauy  pukes  of  induced  elec- 
tricity will  be  imixised  upon  the  constant  current^  which  will 
each  net  upon  the  receiver,  and  cause  so  many  vibrations  of  the 
armature  upon  it;  and  an  ear  held  near  r  will  hear  the  sound 
with  the  same  pitch  as  that  at  the  sending  instrument  If  two 
or  more  sound  waves  act  simultaneously  upon  the  membrane^^M 
its  motions  must  correspond  with  such  combined  motion ;  that^' 
is,  its  motion  will  be  the  resultant  of  all  the  sound  waves,  and 
the  corresponding  pulsations  in  the  current  must  reproduce  at 
B  the  same  effect  Now,  when  a  person  speaks  in  the  tube,  the 
membrane  is  thrown  into  vibrations  more  complex  in  structure 
than  those  just  mentioned,  differing  only  in  number  and  inten- 
sity. The  magnet  will  cause  responses  from  even  the  minut- 
est motion,  and,  therefore,  an  ear  near  r  will  hear  what  is 
said  in  the  tube.  Consequently,  this  apparatus  is  capable  of 
transmitting  botli  the  pitch  and  intensity  of  the  tones  wliich  enter 
the  tube  T.  The  receiving  instrument  consists  simply  of  a 
tubular  electro-magnet  R,  formed  of  a  single  helix  with  an  ex- 
ternal soft  iron  case,  into  the  top  of  which  is  l<x>sely  fitted  the 
iron  plate  r,  which  is  thrown  into  vibrations  by  the  action  of 
the  magnetizing  helix.  The  sounds  produced  in  this  manner 
were  quite  weak,  and  could  be  liuiisoiitted  but  a  short  distance; 
but  the  mere  accomplishment  of  the  feat  of  transmitting  electric 
impulses  over  a  metallic  wire  which  should  reproduce  articu- 
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late  speech,  even  in  an  imperfect  manner,  at  the  farther  end,  ex- 
cited great  interest  in  a  scientific  as  well  as  popular  point  of 
view,  throughout  the  civilized  world. 

During  the  ensuing  autumn  some  important  changes  in  the 
telephone  were  effected,  whereby  its  articulating  properties 
were  greatly  improved.  Professor  A.  E.  Dolbear,  of  Tufts  Col- 
lege, observing  that  the  actual  function  of  the  battery  current 
with  which  the  line  was  charged  in  Bell's  method  had  simply 
the  effect  ot  polarizing  the  soft  iron  cores  of  the  transmitting  and 
receiving  instruments,  or  of  converting  them  into  permanent 
magnets,  and  that  the  mere  passage  of  the  constant  voltaic  cur- 
rent over  the  line  had  nothing  to  do  with  the  result,  conceived 
the  idea  of  maintaining  the  cores  in  a  permanently  magnetic  or 
polarized  state  by  the  inductive  influence  of  a  permanent  mag- 
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net  instead  of  by  a  voltaic  current.  He  therefore  substituted 
permanent  magnets  with  small  helices  of  insulated  copper  wire 
surrounding  one  or  both  poles,  in  place  of  the  electro-magnets 
and  battery  previously  employed. 

Another  important  improvement  made  by  him  consisted  in 
using  the  same  instrument  for  botii  sending  and  receiving  instead 
of  employing  instruments  of  different  construction,  as  all  previous 
inventors  had  Sone. 

The  principle  and  mode  of  operation  of  the  improved  appara- 
tus is  represented  in  figure  8. 

It  consists  of  an  ordinary  permanent  bar  magnet,  N  S,  a  single 
helix,  n,  of  insulated  copper  wire  placed  upon  one  end  of  the 
magnet,  and  a  metallic  diaphragm,  D,  consisting  of  a  disk  of  thin 
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sheet  iron,  two  and  a  quarter  inches  in  diameter  and  one  fiftietli 
of  an  inch  thick,  forming  an  armature  to  the  magnet,  N  S.  The 
vibratory  motions  of  the  air  produced  by  the  voice  or  other 
cause  are  directed  towards  and  concentrated  upon  the  diaphragm, 
D,  by  means  of  a  mouthpiece,  T.  It  will  thus  be  seen  that  when 
vibrations  are  commimicated  to  the  air  in  front  of  the  moiith- 
pieee  the  impact  of  the  waves  of  air  against  the  elastic  diaphragm 
will  cause  a  coiresponding  movement  of  the  latter.  This  in  turn, 
by  reacting  upon  the  magnet^  disturbs  the  normal  magnetic  con- 
dition of  the  bar,  and  since  any  change  of  magnetism  in  this 
tends  to  generate  electrical  currents  in  the  surroundiug  helix,  the 
circuit  in  which  tiie  helix  may  be  placed  will  be  traversed  by  a 
series  of  electrical  pulsations  or  currents.  Moreover,  as  these 
currents  continue  to  be  generated  ^o  long  as  the  motion  of  Uie 
diaphragm  continues,  and  as  they  increase  and  deci*euse  in 
strength  with  the  amplitude  of  its  vibrations,  thus  varying  with 
the  variations  of  its  amplitude,  it  is  evident  that  they  virtually 
possess  all  the  physicrd  characteristics  of  the  agent  acting  upon 
the  transniitting  diaphragm.  Consequently,  by  their  electix:)- 
magnetic  action  upon  the  magnet  of  an  apparatus  identical  with 
the  one  above  described,  and  placed  in  the  same  circuit  at  the 
reeeiving  end,  they  will  cause  its  diaphragm  to  vibrate  in  exact 
correspondence  with  that  of  the  transmitting  apparatus. 

During  the  past  year  many  ingenious  pei*soos  have  turned  their 
attention  to  the  subject  of  telephones,  and  by  the  introduction 
of  various  modifications  have  succeeded  in  greatly  improving 
the  invention,  so  as  to  make  it  avaihible  for  practical  applica- 
tioEL  Prominent  among  these  is  Mr.  G.  M.  Phelps,  mechanician 
of  the  Western  Union  Telegraph  Company,  to  whose  ability  in 
the  invention  of  valuable  improvements,  as  well  as  in  the  scien- 
tific arrangement  of  details  in  the  construction  of  the  apparatus, 
the  public  is  indebted  for  some  of  the  most  effective  telephones 
yet  introduced.  The  peculiar  excellence  of  these  instruments 
consists  in  their  distinct  articulation,  combined  with  a  loudness 
of  utterance  that  is  not  often  met  with  in  the  numerous  other 
forms  that  have  appeared  up  to  the  present  time.     Both  of  these 
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qualitias  manifestly  ao  desirable,  are  developai  in  ttese  instru- 
ments in  a  very  remarkable  degree,  while  thedist-ance  over  which 
they  may  be  used  is  also  anotlier  of  their  distinguishing  charac- 
teristics, circuits  of  over  one  hundred  miles  having  been  worked 
by  them  with  the  most  admirable  results. 

The  most  essential  improvements  introduced  by  Mr,  Phelps 
consist  in  combining  two  or  more  vibrating  diaphragms  and  two 
or  more  corresponding  magnetic  cores,  enveloped  in  separate 
helices,  connected  in  the  same  circuity  with  a  single  mouthpiece 
or  vocalizing  chamber ;  in  mounting  two  magnetic  cores,  when 
combined  \^4th  separate  diaphragms  and  coils,  and  a  single 
mouthpiece,  ujxjn  opix)site  pole^  of  the  same  permanent  magnet, 


Fig.  9. 

and  in  subdividing  a  single  continuous  induction  plate  into  two 
or  more  separate  and  distinct  areas  of  vibmtion,  thus  virtually 
forming  two  or  more  separate  diaphragms,  each  of  which  acts  or 
is  acted  upon  by  a  separate  magnetic  core,  to  the  consequent  in- 
cn?ased  usefulness  of  the  apparatus. 

Figure  9  represents  a  form  of  the  instrument  constructed 
upon  the  above  principles,  which,  both  as  regards  distinctness  of 
ariiculatiou  and  the  fueility  with  which  it  permits  conversation 
to  be  carried  on  in  cojjseqnence  of  tbe  loudne^isof  its  tone,  leaves 
Utile  else  to  be  desired*  It  cousisU  of  the  permanent  magnet  M 
of  hardened  steel,  which  is  bent  into  an  oblong  form,  so  as  to 
occupy  but  little  space,  and  also  bring  iig  poles  conveniently 
near  each  other;  two  helices,  11  and  II*,  of  copper  wire,  placed 
respectively  upon  the  north  and  south  poles  of  tbe  magnet;  two 
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metallic  diaphragms,  D  and  D*,  and  the  speaking  tube  or  mouth- 
piece T,  which  may  be  made  of  wood,  metal,  or  such  other 
substance  as  fancy  may  suggest.  The  diaphragms  are  placed 
upon  opposite  sides  of  a  short  cylindrical  piece  of  hard  rubber, 
provided  with  a  lateral  opening  for  the  insertion  of  the  month* 
piece,  and,  together  with  it,  form  a  sort  of  chamber,  within 
which  the  air  is  alternately  condensed  and  rarefied,  in  conse- 
quence of  the  motion  or  impulses  commanicated  to  its  particles 
by  the  voice  when  directed  toward  the  opening  of  the  tube. 
Hence,  it  will  be  seen  that  each  condensation  exerts  an  outward 
pressure  of  its  own  upon  the  diaphragm,  while  each  rarefaction 
causes  a  corresponding  pressure  from  the  external  air,  and  thus 
a  vibratory  movement  is  imparted  to  both  diaphragms  at  one 
and  the  same  instant;  oonseqaently,  if  the  helices  are  so  con- 
nected that  the  direction  of  the  current  pulsations,  which  are 
inductively  produced  by  the  vibrations  of  the  diaphragms  in  the 
manner  already  explained,  are  similar  when  they  become  united 
in  the  line,  the  magnetic  foroc,  as  exhibited  in  the  receiving  ap- 
paratus at  the  distant  station,  wuU  be  augmented  considerably 
above  that  produced  by  the  action  of  a  single  coil  and  diaphragm 
alone,  and  thereby  a  corres{K>ndiug  increase  in  the  loudness  of 
the  sound  will  ba  produced.  The  best  effect  are  obtained  when 
instruments  of  this  form  are  employed  both  in  transmitting  and 
receiving,  the  advantages  they  possess  for  the  latter  pur[)Ose 
being  quite  as  marked  as  for  the  former,  as  will  appear  obvious 
enough  when  we  consider  that  every  time  a  current  pa^es 
through  the  helices  the  attractive  forces  thereby  imparted  to  the 
cores  or  magnet  poles  are  such  as  to  cause  the  centres  of  the  two 
diaphragms  to  be  drawn  directly  from  each  other,  thus  produc- 
ing a  much  greater  rarefaciion  of  the  air  within  the  chamber 
than  could  be  obtained  by  the  action  of  a  single  diaphragm 
alone.  A  corresponding  condensation,  on  the  other  hand,  is  pro* 
duced  at  each  cessation  of  the  current,  owing  to  the  return  of  the 
diaphragms,  in  virtue  of  their  elasticity  to  their  normal  position. 
The  greater  the  degree  of  condensation  and  rarefaction,  how- 
ever, the  greater  the  amplitude  of  the  sonorous  vibrations — on© 
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Expression  being  the  eqaivalent  of  the  other^ — and,  therefore,  the 
jreater  will  be  the  inteasily  or  loudness  of  the  sound  produced. 
^We  might  add,  in  this  connection,  that  the  introduction  of  a 
and  helix  in  the  line  circuits  presents  in  itself  a  slight  disad- 
antage.  This  arises  from  the  inductive  action  of  the  pulsatory 
burrents  upon  themselves  in  the  coils  and  the  reactive  influence 
jf  the  core,  whereby  other  and  opposing  currents  are  produced, 
k'hich  tend  to  delay,  and,  in  part,  neutralize  the  effects  of  the 
>rmer.  The  laiti?r  are  termed  extra  currents,  to  distinguish 
them  from  those  produced  in  circuits  exterior  to  that  in  which 
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e  inducing  currents  are  passing.     As  they  are  found  toaccom* 
any  all  electro-maguetic  action  whenever  one  part  of  a  circuit 
brought  in  proxirait}^  to  another,  as  is  the  case  in  magnet 
helices,  it  will  readily  be  seen  that  they  must  become  the  more 
troublesome  as  the  number  of  stations  are  increased — it  being 
necessary  to  keep  the  vibmtory  bells   at   each  station  iu  cir- 
cuits, in  order  that  calls  may  be  heard.     By  the  aise  of  con- 
densers, consisting  of  alternate  sheets  of  tin  foil  and  paraffined 
>aper  placed  around  the  bell  coils,  we  are  enabled  to  overcome 
the   difficulty   these  currents  would   otherwise  present     Con- 
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densers,  tberefore,  become  almost  indispensable  in  cases  whe 
mniiy  telepbones  are  employed  in  one  circuit 

The  instrument  we  have  just  described  is  made  separate  by 
itself,  to  be  used  as  a  transmitting  or  receiving  instrument,  or  it 
is  combined  in  a  box  represented  below,  with  a  call  bell  and  tb^ 
oval  shaped  telephone  to  be  considered  presently.  Id  the  latter 
case  it  is  usually  employed  to  transmit  alone,  while  the  oval  form 
serves  for  receiving ;  it  can,  however,  be  used  for  either  purpose. 


^f  r*  Phelps  also  found  that  the  efficiency  of  the  telephone  for 
transmitting  the  human  voice  was  muck  improved  by  reducing 
the  cavity  or  chamber  in  which  the  diaphragm  vibrates  to  the 
smallest  practicable  dimensions.  Further  gain  was  also  made  by 
cushioning  the  bearings  of  the  diaphragm  on  both  sides  with 
rings  of  paper.  In  the  for.n  described  below  the  diaphragms 
still  further  cushioned  on  the  side  towards  the  magnets  by 
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number  of  small  spiral  springs,  placed  under  a  hard  rubber  ring 
fhich  supports  the  diaphragm. 

The  value  of  these  last  Darned  improvements  lies  not  so  much 
in  increasing  the  loudness  of  tone  as  in  elimioating  the  reverber- 
atory  quality  characteristic  of  most  of  the  early  telephones,  and 
which  gave  an  unnatural  and  hollow  sound  to  the  voice  trans- 
mitted by  them. 


Another  of  the  forms  designed  by  Mr,  Phelps^  and  now  being 
extensively  introduced  by  the  American  Telephone  Company,  is 
representetl  in  fig.  10.  It  consists  of  a  polished  oval  shaped  case 
of  hard  rubber,  with  magnet,  diaphragm  and  coils  inside.  In  con- 
nection with  this  tliereisalsoasmall  maLmeto* electrical  machine, 
contained  in  the  oblong  box  shown  in  lig.  11,  which  is  used  for 
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operating  a  call  bell  when  the  attention  of  the  corre3ponde!il 
at  \hd  distant  station  is  required     The  currents  generated  hy| 
this  machine,  when  the  crank  is  turned,  are  conveyed  by  the 
coudQcting  wires  through  the  helices  of  a  polarized  magnet^ j 
shown  on  the  under  side  of  the  cover,  fig.  12,  and  cause  the  ham- 1 
rner  attached  to  the  armature  lever  to  vibrate  against  the  bell, 
thus  producing  a  violent  ringing  during  the  time  the  crank  is 
turned. 

By  the  use  of  polarized  magnets — the  latter  so  named  on 
account  of  their  armLitures  being  permanent  magnets — the  arma- 
ture levers  are  retained  in  a  definite  position,  depending  upon  the 
direction  of  the  current  last  sent  into  the  line,  and  no  retractile 
spring  whatever  is  required.  At  the  same  time,  also,  the  alter- 
nating currents  produced  by  the  magneto-electrical  machine  are 
permitted  to  act  with  their  maximum  power,  as  the  i^epelling 
force  exercised  in  one  pair  of  c  ^ils  urges  the  armature  in  the " 
same  direction  as  that  of  the  attractive  force  in  the  other,  and^ 
the  two  effects  are  thus  added. 

It  is  usual  to  supply  t\vo  telephones  with  this  apparatus— two 
being  preferable  to  one — as  then  one  can  be  held  to  the  ear  while 
the  other  is  being  used  to  speak  into*  By  this  means  an^ 
liability  of  losing  a  word  while  the  instrument  is  being  pa 
from  the  mouth  to  the  ear,  supposing  one  only  to  be  used,  ia 
entirely  prevented,  and  consequently  the  necessity  for  repetition 
avoided. 

When  the  telephone  is  not  in  use  it  is  placed  in  a  slide,  as' 
shown  in  fig.  11,  which  causes  a  spring,  shown  at  the  end  of  the 
box  in  fig.  12,  to  be  pressed  inward  and  cut  out  the  instrument, 
leaving  only  the  magneto  machine  and  call  bell  in  circuit  The 
spring,  when  in  its  normal  position,  on  the  other  hand,  cuts  out 
the  machine  and  call  bell  and  leaved  the  telephone  alone  in 
circuit. 

Fig,  13  represents  a  somewhat  more  expensive  but  at  the  same 
time  also  a  more  desirable  combination  of  the  telephone  and 
its  accessories.  The  box  is  intended  to  be  fastened  permanently 
to  the  wall     It  contains,  in  addition  to  the  extra  loud  telephone 
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loSbie  diaphragms,  which  was  described  above,  a  call  bell 
I  a  magaeloelectric  machine  ot  improved  canatruction.  When 
,  in  use,  only  the  call  bell  of  this  apparatus  is  in  the  main  line 
bait — the  magneto  machine,  unlike  that  in  the  box  just  noticed, 
ag  cutout,  so  as  to  guard  against  accidental  demagnetization  of 
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aanent  magnet  by  lightning  discharges,  or  by  currents  from 

jraph  lines  when  the  latter  are  crossed  or  in  contact  with  the 

phone  line,  which  is  sometimes  liable  to  occur.     When  we 

to  send  a  signal,  however,  it  is  only  necessary  to  turn  the 
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crank  of  tbe  magneto  machine,  shown  in  front  of  the  case,  an 
at  the  same  time  press  upon  the  push  button  C,  which  is  visibl 
on  the  left.     The  latter  movement,  by  a  change  of  connection 
to  be  more  fully  described  presently^  puts  the  magneto  machine- 
in  circuit,  and  thus  allows  the  currents  generated  by  it  to  pass^ 
into  the  line  and  act  upon  the  distant  call  bells. 

The  switch  near  the  top  of  the  case  serves  for  cutting  the  ap- 
paratus in  and  out  of  circuit.  When  it  is  turned  to  the  rigbt^ 
and  the  telephone  is  in  the  fork  or  holder,  as  represented  ia 
the  figure — in  which  case  it  presses  against  a  button  correspond- 
ing to  the  spring  in  the  former  box  and  cuts  itself  out  of  oircuit — 
only  the  call  bell  is  left  in  with  the  main  line.     When  it  is 
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turned  to  the  left  hand  or  opposite  side,  which  shouM  always  be 
done  when  left  at  night,  all  of  the  apparatus  is  cut  out  of  circuit, 
A  lightning  arrester  is  provided  in  each  box  for  the  protection 
of  the  apparatus;  but  during  thunder  storms,  and  especially 
severe  ones,  it  is  best  to  cut  the  apparatus  out  of  circuit  altogether 
by  means  of  the  switch,  as  the  best  arresters  sometimes  fail  The 
accompanying  diagrams,  showing  the  internal  arrangements  of 
the  difierent  boxes^  will  give  a  much  clearer  understanding  of 
the  connections.  Figure  14  representis  the  parts  and  connections 
of  the  improved  apparatus,  which  is  placed  in  a  portable  box^ 
like  the  one  shown  in  figure  11,  without^  however,  the  addition 
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of  what  we  have  called  the  extra  loud  Speaking  Telephone.  In 
the  ordinary  working  condition  of  the  apparatus  the  switch  S 
should  be  placed  on  the  button  contact,  shown  just  to  the  right 
of  it,  and  the  telephone  hung  in  its  fork,  which  causes  the 
spring  A  to  be  forced  against  the  inside  contact  point  The 
telephone  and  magneto  machine  are  thus  cut  out  of  circuit, 
as  will  be  seen  on  tracing  the  connections,  but  the  call  currents 
arriving  from  a  distant  station  on  the  line,  find  a  ready  path 
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through  the  coils  of  the  bell  magnet  B  and  spring  below  the 
push  button  C  to  the  spring  A,  and  thence  by  switch  S  to  line 
again  or  ground,  as  the  case  may  be,  the  final  connection  de- 
pending, of  course,  upon  whether  the  station  is  located  some- 
where in  the  centre  or  at  the  terminal  of  the  line.  A  call  given 
by  any  one  of  the  stations  in  the  circuits  will,  therefore,  be  heard 
at  all  the  others,  as  the  connections  at  each  are  precisely  similar. 
In  giving  the  call,  it  is  necessary,  in  addition  to  turning  the 
crank  of  the  magneto  machine,  to  press  against  the  push  button 
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C,  SO  as  to  bring  the  adjacent  spring  in  contact  with  the  little 
connecting  piece  which  is  -  metallically  joined  to  the  coils  of  the 
machine  Unless  this  is  done  no  current  will  be  sent  into  the 
line,  because  it  is  by  this  means  alone  that  the  inductive  appa- 
ratus is  placed  in  the  circuit  When  the  button  is  down,  the 
path  opened  for  the  current  may  be  traced  from  the  line  terminal 
of  the  instrument  by  way  of  the  bell  and  magneto  coils  to  the 
spring  beneath  C  ;  thence  by  way  of  spring  A  and  switch  S  to 
line  or  ground. 


Fig.  16. 

It  will  be  obvious  that  the  above  arrangement  supplies  the 
means  for  giving  a  variety  of  calls  in  case  there  are  several 
offices  in  one  circuit ;  for,  while  turning  the  crank,  the  push 
button  can  be  used,  like  a  Morse  key,  to  give  different  signals. 

The  removal  of  the  telephone  from  its  fork  or  holder  puts  it 
in  circuit,  and  cuts  everything  else  out,  as  will  readily  be  seen  by 
tracing  the  connections.  The  manner  in  which  the  apparatus  is 
cut  out  of  circuit,  by  turning  the  switch  S  on  the  left  hand  con- 
tact point,  will  also  be  seen  on  referring  to  the  diagram. 

Figures  15  and  16  show  tbe  internal  connections  and  arrange- 
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ment  of  the  large  box,  figure  15,  being  the  arrangement  fur  a  ter- 

linal,  and  figure  16  that  for  an  intermediate  starion.     The  loud 

cing  iDstrument  is  showrn  in  both.     Figure  16  also  shows 

be  manner  of  connecting  the  condenser  D  around  the  bcllcoils^ 

so  as  to  avoid  the  previously  noticed  inductive  diflSculties  which 

present  themselves  when  many  sets  of  the  apparatus  are  placed 

one  circuit.     The  lightning  arrester  is  represented  at  L.     It 

rill  hardly  bo  necessary  to  say  anything  further  in  regard  to  the 

:)nnections  in  the  last  two  figures,  as  the  same  letters  that  were 

ia  the  preceding  figure  have  been  retained  for  correspond- 

'parts  in  these,  and  have,  therefore,  been  already  considered. 


Figure  17  represents  a  form  of  Gray*s  Speaking  Telephone 
lantifactared  by  the  Western  Electric  Telegraph  Company,  of 

iicaga 

Figure  18  shows  a  section  of  the  same,  reduced  to  about  one 
third  the  natural  size,  and  designed  to  show  the  internal  mechan- 
ism. 

By  referring  to  the  latter  it  will  be  seen  that  the  core  C  is  fas- 

:ied  to  the  upper  end  of  the  curved  metallic  bar  II,  which 
serves  as  the  liandle  of  the  telephone.  The  lower  end  of  the 
handle  is  in  like  manner  attached  to  the  metallic  brace  R.  To 
this  brace  Is  secured,  by  means  of  a  stout  screw,  the  iron  rim 
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which  holds  the  diaphragm  ;  thus  the  core  and  the  diaphragm  ' 
form  the  two  eods  of  a  rigid  metallic  system,  every  part  of  which  ' 
18  of  soft  iron. 

Around  the  core  two  helices  of  insulated  copper  wire  are 
wound.  One  of  these — the  polarizing  helix — is  somewhat  longer 
than  the  other,  and  contains  wire  of  larger  gauge.  In  using  the 
telephone,  this  helix  is  connected  in  circuit  with  a  local  battery*  ' 
The  soft  iron  system  is  in  consequence  rendered  magnetic,  the 
end  of  the  core  exhibiting  opposite  polarity  to  that  of  the  dia- 
phragm confronting  it 

By  employing  the  battery  current  to  charge  the  soft  iron  core, 


Fig.  18, 

a  greater  degree  of  magnetism  is  thereby  secured  than  could  be 
obtained  by  the  use  of  a  permanent  magnet  of  the  same  dimen- 
sions. 

The  difference  also  of  magnetic  potential  existing  between  the 
diaphragm  and  the  core  is  increased  by  making  these  respectively 
the  opposite  poles  of  the  same  magnet 

The  other  helix  is  made  of  very  fine  wire,  and  serves  to  con- 
vey to  the  line  the  undulating  currents  induced  by  the  vibrating 
diaphragm.  At  any  point  on  the  line  these  currents  may  be 
reconverted  into  sound  by  introducing  an  instrument  similar  to 
the  above,  ( 
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Tn  adjusting  this  telephone  advantage  is  taken  of  the  elasticity 
of  the  brace  B,  which  has  a  tendency  to  approach  the  handle 
H.     This  tendency  is  checked  and  regulated  by  the  adjusting 
irew  A,  a  turn  of  which  will  cause  the  brace  to  move  towards 
recede  from  the  handle ;  and,  consequently,  the  diaphragm  will 
Iso  move  to  or  recede  from  the  core  of  the  magnet. 
Another  of  the  fonns  devised  by  Mr,  Gray  is  sliown  in  fig,  19» 
this  there  are  two  diaphrapms*  and  no  battery  is  used  to 
large  the  soft  iron  cores  of  the  teleplume,  ns  is  done  in  the 
original  apparatus,  the  same  result  being  ubtained  by  the  use  of 
permanent  magnet,  bent  into  a  form  like  the  letter  Ut  as  seen 
the  ligui*e»       The  magnet  also  answers  as  a  handle,  b}'  which 


^the  instrument  maybe  held  conveniently.  Two  soft  iron  pieces 
^we  secured  by  screws  to  the  poles  of  the  magnet  and  cany  helices 
^nf  copper  wire,  which  are  joined  together,  and  terminal  wires 
^■leading  therefrom  sen-e  to  put  the  instrument  in  cux^uit 

The  mouthpiece,  which  is  of  metal,  has  two  divergent  tubes  con- 

ttecting  with  narrow  chambers,  witliin  which  separate  diaphragms 

bf  thin  sheet  iron  are  placed,  so  as  to  stand  just  opposite  the 

y\e  pieces  of  the  magnet  and  in  close  pmximity  thereto.     When- 

vcTt  therefore,  any  movement  is  produced  in  the  air  at  the 

opening  of  the  tube  the  resultant  impulse  is  readily  conveyed 

)ugh  it  and  its  bmnches  to  the  chambers,  and  thus  communi- 

[itea  motion  to  the  diaphragms.    The  principle  of  the  action  in 


34 


THE    SPEAKING    TELEPHONE. 


this  apparatus  b,  of  course,  tlie  same  as  tliat  in  the  other  forms 
of  magneto  telephones. 

It  will  be  observed  that  all  the  Speaking  Telephones  which^ 
we  have  deseribed^  possess  certain  common  characteristics  em- 
bodied in  Mr.  Gray's  original  discovery,  and  are  essentially  the 
same  in  principle  although  differing  somewhat  in  matters  of  de* 
tail  Ail,  for  example,  employ  a  diaphragm  at  the  transmitting^ J 
end  capable  of  responding  to  the  acoustic  vibrations  of  the  airj 
all  employ  a  diaphragm  at  the  receiving  end  capable  of  being 
thrown  into  vibrations  by  the  action  of  the  magnetizing  helix, 
corresponding  to  the  vibrations  of  the  transmitting  diaphragm ; 
all  depend  for  their  action  upon  undulating  electric  currents  pro- 
duced  by  the  vibratory  motion  of  a  transmitting  diaphragm, 
which  increases  and  decreases  the  number  and  amplitude  of 
the  electric  impulses  transmitted  over  the  wire  without  breaking 
the  circuit;  and,  finally,  in  all  practically  operative  telephones, 
whether  vtK'al  or  hai'nionic,  the  cores  of  t!ie  receiving  instru- 
ment are  maintainal  in  a  permanently  magnetic  state  by  the 
inductive  action,  either  of  a  permanent  voltaic  current  or  of  a 
permanent  magnet  Repeated  experiments  have  shown,  also, 
that  this  pennanent  magnetic  condition  of  the  cores  is  absolutely 
eesentialj  in  order  that  the  receiving  magnet  may  become  prop- 
erly responsive  to  telephonic  vibrations^  especially  when  these 
are  of  great  rapidity  and  comparatively  small  amplitude. 

Mr.  Thomas  A.  Edison,  of  Menlo  Park»  New  Jei'scy,  has  in- 
vented a  telephone,  which,  like  that  of  Gray,  shown  in  figure 
6,  is  based  upon  the  principle  of  vai-ying  the  strength  of  a  bat* 
tery  current  in  unison  with  the  rise  and  fall  of  the  vocal  utter- 
ance. The  problem  of  practically  varying  the  resistance  con- 
trolled by  the  diaphragm,  so  as  to  accomplish  this  result,  was  by 
no  means  an  easy  ona  By  constant  experimenting,  however, 
Mr.  Edison  at  length  made  the  discovery  that,  wlien  properly  | 
prepared,  carbon  possessed  the  remarkable  property  of  changing 
its  resistance  with  pressure,  and  that  the  mtios  of  these  changes 
moreover  corresponded  exactly  with  the  pressure.  Fig.  20  i-ep- 
reaeuts  a  oonvenicut  and  ready  way  of  showing  the  decrease  in 
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resistance  of  this  substance  wlien  so  subjected.  The  device  con- 
sists of  a  carbon  disk,  two  or  three  cells  of  battery,  and  a  tan- 
gent or  other  form  of  galvanometer.  The  carlx)n  C  is  placed  be- 
tween two  metallic  plates  which  are  joined  with  the  galvanome- 
ter and  battery  in  one  circuit,  through  which  the  battery  current 
is  made  to  pass.  When  a  given  weight  is  placed  upon  the  upper 
plate  the  carbon  is  subjected  to  a  definite  amount  of  pressure, 
which  is  shown  by  the  deflection  of  the  galvanometer  needle 
through  a  certain  number  of  degi'ces.  As  additional  weight  is 
added,  the  deflection  increases  more  and  more,  so  that  by  care- 
fully noting  the  deflections  corresponding  to  the  gi^dual  in- 
crease of  pressure  we  can  thus  follow  the  various  changes  of 
resistance  at   our  leisure.    Here,  then,  was  the  solution ;  for, 


Fig,  20. 

by  vibrating  a  diaphragm  with  varying  degrees  of  pressure 
against  a  disk  of  carbon,  which  is  made  to  form  a  portion 
of  an  electric  circuit,  the  resistance  of  the  disk  would  vary  in 
precise  accordance  with  the  degree  of  pressure,  and  consequently 
a  proportionate  variation  would  be  occasioned  in  the  strength  of 
the  current  The  latter  would  thus  possess  all  the  character- 
istics of  the  vocal  waves,  and  by  its  reaction  through  the  medium 
of  an  electro-magnet,  might  then  transfer  them  to  another  disk, 
causing  the  latter  to  vibrate,  and  thus  reproduce  audible  speech. 
Fig.  21  shows  the  telephone  as  constructed  by  Mr.  Edi- 
son. The  carbon  disk  is  represented  by  the  black  portion,  E, 
near  the  diaphragm,  AA,  placed  between  two  platinum  plates, 
D  and  G,  which  are  connected  in  the  battery  circuit,  as  shown  by 
the  lines.  A  small  piece  of  rubber  tubing,  B,  is  attached  to  the 
centre  of  the  metallic  diaphragm,  and  presses  lightly  against  an 
ivory  piece,  0,  which  is  placed  directly  over  one  of  the  platinum 
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plates.  Whenever,  therefore,  any  motioE  is  given  to  the  dia- 
phragm^ it  is  immediately  followed  hy  a  corresponding  pressure 
upon  the  carbon  and  by  a  change  of  resistance  in  the  latter,  as 
duscribed  aljovo*  The  object  in  using  the  nibber  just  mentioned 
is  to  dampen  the  movement  of  the  disk^  so  as  to  bring  it  to  rest 
almost  immediately  after  the  eau.^e  wliicli  put  it  in  motion  has 
ceased  to  act ;  interference  with  articulation,  which  the  pmlonged 
vibration  of  the  metal  tends  to  produce  in  consequence  of  its 


Fig,  2L 

elasticity,  is  thus  prevented,  and  the  sound  oomes  out  clear 
and  thstinct  It  is  obvious  that  any  electro-magnet,  properly 
fitted  with  an  iron  diaphragm,  will  answer  for  a  receiving  instru* 
ment  in  connection  with  this  apparatus. 

Fig.  22  shows  a  sending  and  receiving  telephone  and  a  box 
containing  the  battery. 

In  the  latest  form  of  transmitter  which  Mn  Edison  has  intro- 
duced the  vibrating  tHaphi-afrni  is  done  away  with  altogether,  it 
having  been  found  that  much  better  results  are  obtained  when  a 
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rigid  plate  of  metal  is  substituted  in  its  place.  With  the  old 
vibrating  diaphragm  the  articulation  produced  in  the  receiver  is 
more  or  less  muffled,  owing  to  slight  changes  which  the  vibrating 
disk  occasions  in  the  pressure,  and  which  probably  results  from 
tardy  dampening  of  the  vibrations  after  having  been  once 
started    In  the  new  arrangement,  however,  the  articulation  is 


Fig,  22. 

so  clear  and  exceedingly  well  rendered  that  a  whisper  even  may 
readily  be  transmitted  and  understood.  The  inflexible  plate,  of 
course,  merely  serves,  in  consequence  of  its  comparatively  large 
area,  to  concentrate  a  considerable  portion  of  the  sonorous  waves 
upon  the  small  carbon  disk  or  button ;  a  much  greater  degree  of 
pressure  for  any  given  effort  on  the  part  of  the  speaker  is  thus 
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bronght  to  Ijear  on  the  disk  than  could  tje  obtained  if  onlv  its 
Hmall  ."urface  aione  were  nse^l 

Tlie  >x-.Tt  sui^tance  so  far  discovered  for  these  disks  is  lamp- 
black, such  as  is  produccl  by  the  burning  of  any  of  the  lighter 
hydrvxrarlxnis.  Mr.  EdLs^jn  has  found,  however,  that  plumbago, 
hyjierr^xide  of  leai  iodide  of  copper,  jwwdered  gas  retort  car- 
\xjJi.  black  oxide  of  manganese,  amorf^hous  phosphorus,  finely  di- 
vide^l  metals,  and  many  sulphides  may  be  used :  indeed,  tufts  of 
fibre,  coatc-'l  with  various  metals  by  chemical  means  and  pressed 
into  buttoiLS  liave  also  been  employed,  but  they  are  all  less  sensi- 
tive than  the  lampblack,  and  have  consequently  been  abandoned 
for  the  latter  substance. 

With  the  telephone,  as  with  the  onlinary  telegraphic  instru- 
ments, there  is  of  course  a  limit  Ijcyond  wliich  the  apparatus  cannot 
Ix;  rendere<l  practically  sen'iceable,  but  in  most  cases  this  limit  is 
Bfx>rier  reache^l  for  the  telephone  than  for  other  instruments  that 
are  employed  for  the  transmission  of  telegraphic  matter.  One 
reas^jn  why  this  is  so  is  probably  due  to  the  fact  that  the  current 
pulsatioiLS  generated  by  the  vibrating  diaphragm  are  made  to 
follow  each  other  with  so  nmch  greater  rapidity  than  those  that 
are  sent  inU)  the  line  In'  the  ordinary  hand  manipulation,  that 
less  time  is  allowed  for  charging  and  discharging  the  line,  and 
the  i^henornenon  of  inductive  retardation  thus  becomes  soonest 
manifest  in  the  former  case. 

Another  reason,  however,  and  perhaps  the  principal  one,  is 
tliat  the  disturl)ances  created  by  the  inductive  action  of  elec- 
trical currents  in  neighboring  wires  combine  with  the  signals,  and 
so  cionfuse  the  latter  in  many  cases,  that  it  becomes  altogether 
impossible  to  distinguish  them.  It  is  necessary,  therefore,  when 
we  wish  to  speak  (A'cr  long  distances,  or  over  wires  in  close  prox- 
imity to  Morse  lines,  either  to  employ  some  means  for  neutral- 
izing these  disturbances,  or  to  so  increase  the  loudness  of  the  ar- 
ticulation tliat  it  can  be  heard  above  this  confused  mingUng  of 
many  sounds. 

One  of  the  best  means  so  far  suggested  for  overcoming  the  diffi- 
culty is  the  employment  of  metallic  circuits  throughout  for  the 
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telephone,  placing  the  two  wires  forming  a  single  circuit  very 
close  together,  so  as  to  render  the  inductive  action  practically 
the  same  in  each  The  resulting  currents  would  thus  neutralize 
each  other  and  leave  the  telephone  quite  free 

It  is  claimed  that  the  inductive  disturbances  just  noticed  are 
xnuch  less  marked  with  Mr.  Edison's  telephone  than  with  any 
of  the  other  forms,  owing  to  the  fact  that  the  signals  or  sounds 
in  the  former  are  produced  by  stronger  currents,  and  the  re- 
ceiving instruments  are  made  less  sensitive  to  those  fugitive 
Kjurrents  that  are  always  met  with  in  telegraph  lines. 

Mr.  Edison  has  recently  invented  a  telephonic  repeater,  which 
is  designed  to  be  used  in  connection  with  his  apparatus  for  in- 
creasing the  distance  over  which  it  may  be  made  available  The 
principal  parts  are  shown  in  fig.  23.  I  is  an  induction  coil,  whose 


Fig.  23. 

secondary  is  connected  in  the  main  line  L',  into  which  the  repeat- 
ing is  to  be  done;  C  is  a  carbon  transmitter,  included  with 
battery  B  in  the  primary  circuit,  and  operated  by  the  magnet 
M  instead  of  by  the  voice.  The  variations  in  the  current  pro- 
duced by  speaking  against  the  disk  of  the  instrument  at  the 
transmitting  end  of  the  line,  cause  this  magnet  to  act  on  the  re- 
peater diaphragm,  and  thus  produce  different  degrees  of  pressure 
on  the  carbon  disk  and  thereby  change  its  resistance,  A  corre- 
sponding change  consequently  takes  place  in  the  current  of  the 
primary  coil,  and  thus  gives  rise  to  a  series  of  induced  currents 
in  the  secondary,  which  pass  into  the  line,  and,  on  reaching 
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the  receiver  at  the  opposite  terminal,  are  there  transformed  into 
audible  sound. 

We  have  not  yet  personally  experimented  with  this  apparatus, 
but  if  it  can  be  made  only  in  a  slight  degree  as  effective  as  the 
ordinary  carbon  telephones,  which  already  have  permitted  conver- 
sation to  be  carried  on  over  five  hundred  miles  of  actual  tele- 
graph line,  its  advantage  must  sooner  or  later  be  made  ser- 
viceable. 

Instead  of  the  magneto  machine  and  call  bell,  which  have 
already  been  described  in  connection  with  the  telephone,  a  bat- 


tery and  vibrating  bell  may  be,  and  sometimes  are  used  for  sig- 
naling purposes.  Fig.  24  represents  the  couuections  for  an 
arrangement  of  this  kind.  The  line  wire  is  joined  to  the  back 
end  of  a  four  point  button  switch,  S.  The  right  hand  front  con- 
tact leads  to  one  end  of  the  helices  which  surround  the  bell 
magnet,  and  whose  opposite  end  is  in  metallic  connection  with 
the  aiinature  lever.  In  its  normal  position  tliis  lever  is  held  by 
a  spiral  spring  against  the  back  stop,  which  is  joined  to  a  wire 
leading  to  the  ground.  The  middle  front  point  of  the  switch 
communicates  with  one  pole  of  a  battery,  E,  whose  opposite  pole 
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!  in  eoTiTiection  with  the  groimd  "vvire,  and  the  left  hand  point  is 
"fonncf'ted  tc)  one  or  two  telephoneSj  T^  also  in  commnnication 
with  the  ground 

When  the  appanitns  is  not  l>eing  naed  the  switch  is  k^ft  ob. 
be  right  hand  contact,  so  that  a  current  coming  from  the  line 
a  free  path  through  the  helices^  armature  lever  and  back 
3p  to  earth.  The  soft  iron  core  is  thus  rendered  magnetic  and 
acts  the  armature^  hut  after  the  latter  has  moved  a  short 
listance  it  leaves  the  spring  forming  part  of  the  back  sk)p,  and 
in  BO  doing  breaks  the  circuit  The  magnetism  of  the  cores 
consequent! J  disappears,  and  the  annature  is  drawn  back  so  as 
t.o  complete  the  circuit  once  more,  when  another  attraction  fol- 
lows, and  so  the  i>roce8S  goes  on  alternating  as  long  as  battery 
kept  on  at  the  distant  statioiL  Each  attraction,  therefore, 
jcasions  a  distinct  tap  upon  the  bell,  and  as  the  magnetization 
ad  demagnetization  are  exceedingly  rapid,  the  taps  consequently 
mcceed  each  other  with  sufficient  rapidity  to  keep  up  a  continu- 
ous ringing. 

If  the  attendant  at  the  distant  station  is  wanted,  the  switch  is 
placed  on  the  middle  contact,  whicli  allows  the  euiTcnt  houi  bat- 
terj"  E  to  pass  into  tlic  line,  causing  the  distant  bell  to  ring.  Tlie 
switch  is  then  turned  to  the  right  again,  when,  if  the  signal  has 
eeii  observed,  an  acknowledgment  to  that  effect  is  given  by  the 
istant  correspondent  placing  his  battery  in  circuity  and  thereby 
tuni  causing  tlie  bell  at  the  station  which  originally  gave  the 
irignal  to  ring.  Both  switches  are  then  turned  to  the  left  hand 
idt%  l>y  which  means  the  telephones  are  put  in  circuit  and  made 
kvailable  for  the  intei*cliaLige  of  corresjtundcncc. 
Fig.  25  shows  an  an'angement  for  a  Moi^se  and  tele])hone  com- 
ination,  which  in  many  cases  it  is  very  convenient  to  have, 
^hen  the  s\\'iteh  is  turned  on  to  the  right  hand  contact  point 
le  Morse  apparatus  is  in  circuit,  and  can  then  be  used  for  the 
bcchange  of  business  in  the  oniinary  way.  The  Morse  apparatus 
inswers  also  for  a  call  to  attmct  the  attention  of  a  coiTCspondent 
rhen  wanted ;  the  local  batteiy  has  been  omitted  in  the  diagram, 
tien  the  switch  is  turned  to  the  left  the  telephones  alone  are 
circuit 
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Before  leaving  the  subject  we  must  more  particularly  mentic 
one  iHj'mt  in  connection  tlicrcwitli  tbiit  is  of  too  much  interest  to 
be  overlooked  This  m  in  relation  to  the  variouB  characteristics 
or  foniis  of  action  tliat  tiike  place  in  tbe  transmission  of  articu- 
late speech^  and  which  furnish  us,  in  the  operation  ut  the 
SpeakiDg  Telephone,  with  a  most  beautiful  illustration  of  the 
correlation  of  forces,  or  of  their  mutual  convertibility  from 
one  form  into  another.  When  we  speak  into  a  telephone 
the  muscular  efforts  exerted  upon  the  lungs  force  the  air 
through  the  larynx,  within  which  are  situated  two  membraoes 
called  the  vocal  chorda     These  can  be  tightened  or  relaxed  at 
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Fig.  25, 

will  by  the  use  of  certain  muscles,  and,  being  thrown  into  vibra- 
tion by  the  passage  of  the  air,  give  rise  to  a  series  of  sonorous 
waves  or  aerial  pulsations,  varying  in  pitch  with  the  tension  or 
laxity  of  the  chords.  The  impact  of  the^e  pulsations  against  the 
metallic  diaphragm  produces,  in  turn,  corresponding  vibrations 
of  the  latter,  which,  as  we  have  seen,  is  in  close  proximity  to  the 
poles  of  a  permanent  magnet.  By  this  means,  therefore,  the 
inductive  action  of  the  diaphragm  on  the  magnet  is  called  into 
play,  and  there  is  consequently  generated  in  the  surrounding 
helix  a  series  of  electrical  currents,  which  the  intervening  con- 
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luctor  conveys  to  the  distant  station,  where  their  further  action 
then  spent  in  the  production  of  magnetiitm.  The  receiving 
iiaphragm,  being  then  thrown  into  vibration  by  the  resulting 
httractions,  responds  with  faithful  accuracy  to  the  vibrations 
originally  produced  at  the  transmitting  end  of  the  line,  and  thu3 


reproduces  those  sonorous  waves  which  reach  the  ear  and 
five  us  the  sensation  of  sound.  Here,  then,  we  have^  first,  the 
aechanical  effects  of  muscular  action  converted  into  electricity, 
aen  into  magnetism,  aud  finally  back  again  into  mechanical 
ctiotu     At  each   transformation,  however,  a  portion  of  the 
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energy  is  lost,  so  far  as  its  available  usefulness  is  concerned ;  and, 
therefore,  the  sound  waves  wliicli  reach  the  ear,  although  pre- 
cisely similar  in  pitch  and  quality  to  those  first  produced  by  the 
vocal  organs,  are  nevertheless  much  enfeebled— their  amplitude, 
on  which  alone  loudness  dependsj  being  diminished  by  the 
amount  of  energy  lost  in  the  transformation* 


During  the-  past  year  the  articulating  or  Speaking  Telephone 
has  attracted  very  general  interest  and  attention,  not  only  in  this 
country  but  also  in  Europe.  It  has  already  been  extensively 
introduced  here  upon  many  of  our  short  lines,  and  Lids  fair  to 
become  of  almost  universal  application  in  a  very  short  time,  its 
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extreme  simplicity  and  the  reliability  of  itii  operation  rendering 

one  of  the  most  convenient  of  tlie  raanj  electrical  appliances 

use.     In  Gernxauy  it  has  been  adopted  as  a  pait  ol  the  tele- 

raph  system  of  the  country,  and  there^  as  well  as  in  other  foreign 

>untries,  it  is  also  being  generally  introduced  for  various  private 

puq^oses,  for  establishing  coDimuDication  with  the  interior  of  coal 


Bmd  iron  mines,  and  for  facilitating  the  carrying  on  of  a  multitude 
'of  industries  of  various  kinds, 

Tlie  innumerable  uses  to  which  the  telephone  has  already  been 

applied  shows  more  forcibly  than  anything  eke  its  practical  im- 
■portance,  and    the    advantages   it   afiords   for   communicating 
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between  places  separated  even  by  comparatively  long  distances ; 
no  more  convenient  or  serviceable  instrument  for  this  purpose 
has  ever  been  produced,  while  at  the  same  time  it  is  capable  of 
being  used  by  every  ona  It  cjin  also  be  united  with  the  District 
Telegraph  system,  so  extensively  developed  here,  and  thereby 
the  range  of  tlie  latter  system^  which  is  now  limited  to  a  few 
special  calls,  such  as  police,  lire,  hack,  etc.,  may  be  very  much 
extended  and  improved.  In  addition  to  ihiz  again,  its  connection 
with  the  general  telegraph  system  will  ;:oon  greatly  increase  the 
usefulness  of  that  service,  by  bringing  many  villages  and  hamlets 
that  are  now  destitute  of  any  telegraphic  faciHties  whatever  into 
communication  with  the  rest  of  the  Y/qj:ld*  Hitherto  tbo  great 
obstacle  in  the  way  of  accomplishing  'his  object  has  been  the 
expense  of  keeping  skilled  employes  at  sujh  places,  where  the 
business  receipts  are  usually  less  thar.  \/ould  be  required  to  pay 
the  salary  of  an  operator.  The  application  of  the  telephone* 
however,  now  pro\^des  the  means  of  connecting  these  places  to 
the  nearest  telegraph  office  with  very  little  trouble  and  with  little 
or  no  outlay  for  running  expenses.  We  may  therefore  confldentl v 
expect  that  another  year  or  two  will  suffice  to  establish  telegraph 
communication  with  nearly  every  place  in  the  country. 

The  apparatus,  as  at  present  furnished  to  the  public  by  the 
American  Speaking  TeIei»hone  Co,,  is  all  contained  in  a  neatly 
finished  oblong  box»  which  lias  already  been  described  on 
pages  25  and  26.     Figs.  11  and  12  sliow  tlie  outfit  complete. 

Fig.  26  gives  a  largo  sizo  front  view  of  the  telephone,  and 
also  shows  the  manner  of  holding  it  when  in  use.  Manu- 
facturers and  others,  whose  works  are  situated  at  some  dis- 
tance from  their  offices,  will  hardly  need  to  be  told  of  the 
advantages  that  may  be  derived  from  the  vse  of  the  telephone, 
whereby  they  are  at  all  times  practically  enabled  to  oversee  and 
personally  superintend  the  details  of  aSairs  at  the  works ;  these 
must  bo  evident  tt3  every  one.  It  will  also  appear  equally 
obvious  thai  large  and  expensive  warehouses  may  in  manyca.sed 
be  dispensed  with  in  cities  where  rents  are  always  high,  the 
telephone  rendering  it  possible  to  fill  orders  at   a  momeDi'ft_ 
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notice  directly  from  the  factory  or  works  quite  as  readily  as  from 
the  warehouse,  and  at  much  less  expense.  Figs.  27  and  28  clearly 
illustrate  the  facility  with  which  communication  may  be  main- 
tained between  office  and  factory,  and  plainly  show  to  what  ex- 
tent personal  supervision  may  be  exercised  without  at  all  neces- 
sitating the  presence  of  the  managing  director  at  the  place  itself. 
In  the  former  figure  the  manager  at  his  desk  in  the  dty  is  seen 
giving  instructions  to  his  foreman,  who  is  shown  at  the  works  in 
the  latter,  carefully  noting  everything  that  is  being  said. 

As  a  matter  of  prophetic  interest  in  connection  with  the  tele- 
phone we  feel  constrained  to  reproduce  here  an  extract  from  a 
popular  little  work,  published  a  few  years  ago  in  France.^  The 
author,  as  will  be  seen,  strikingly  foreshadows  the  realization  of 
the  Speaking  Telephone  as  it  exists  to-day,  complete  in  every- 
thing but  loudness  of  articulation.  Speaking  of  the  marvels  in 
tel^raphy,  he  says : 

"  Wonderful  as  are  these  achievements,  the  inventions  in  tele- 
graphy have  gone  still  further.  To  be  able  to  transmit  thought 
to  a  distance  is  a  triumph  which  was  formerly  astonishing ;  but 
we  are  now  accustomed  to  it,  and  continue  to  practice  it  without 
its  creating  the  slightest  wonder.  To  be  able  to  transmit  hand- 
writing, and  even  drawings,  appeared  to  be  more  difficult ;  but 
this  problem  has  also  been  resolved,  and  we  now  hardly  wonder 
that  this  feat  is  accomplished  by  means  so  simple.  Mankind 
ever  requires  a  new  stimulus  to  its  curiosity,  and  already  it  is 
looking  forward  to  the  discovery  of  more  marvels  in  telegraphy. 
Some  years  hence,  for  all  we  know,  we  may  be  able  to  transmit 
the  vocal  message  itself,  with  the  very  inflection,  tone  and  ac- 
cent of  the  speaker.  Already  has  the  acoustic  telegraph  been 
invented ;  the  principle  has  been  discovered,  and  it  only  remains 
to  render  the  invention  practicable  and  useful — a  result  which, 
in  these  days  of  science,  does  not  appear  to  be  impossible 

Sound,  of  whatever  kind,  is  produced  by  a  series  of  vibra- 
tions, more  or  less  rapid,  which,  setting  out  from  a  sonorous 

>  Les  MerveilUs  de  VEkdrioiU^  par  J,  BailU,    Paris,  1371. 
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body,  traverse   the  air  and  reach  our  ear.       Just  as  a  stone^ 
drojjped  into  a  pond,  throws  off  a  succession  of  circular  undxi* 
lations  or  water  riugs,  so  a  concu&sioTi,  acting  on  the  air,  pm- 
duces  analogoui?  vibrations^  though  they  arc  invisible,  and  it  is 
when  these  viVn'ations  reach  the  ear  that  we  l^ecome  sensible  of 
sound     HchnholtZj  an  eminent  German  scientist,  has  analyzed 
the  human  voice  and  determined  its  musical  valua     According 
to  him  each  gtimplo  vowel  is  formed  hj  one  or  more  notes  of  the 
scale,  accompanied  by  other  and  feebler  notes  which  are  hai'mo- 
nics  of  these     He  demonstrates  that  it  is  the  union  of  all  these^ 
notes  that  give  quality  to  the  voica     Every  syllable  is  formed  hy 
the  notes  of  the  vowel  accomplished  by  different  movements  of 
the   organs   of  the  nioutk     Ilelmholtz,  reflecting  upon   this,j 
thinks  it  would  be  possible  to  construct  a  human  voice  by  artifi- 
cially producing  and  combining  the  elementary  sounds  of  which 
it  is  coni]>osed     Tliis  is  not  the  place  to  discuss  8ueh  theorieai,| 
but  if  we  grant  that  there  is  any  truth  in  them,  we  can  under^ 
stand  that  the  acoustic  telegraph  can  l>e  invented  and  can  tmns- 
mit  the  li\nng  voica     Already  experiments  have  been  made  m 
this  direction. 

A  "vibrating  plate  pimluces  a  sounds  and,  according  to  the 
rapidity  of  the  vibrations,  these  sounds  are  sharp  or  flat  At 
each  of  the  vibrations  the  plate  touches  a  small  point  placed  in 
front  of  it,  and  this  contact  suffices  to  thn^w  the  current  into  the 
line.  ^Vhen  the  plate  ceases  to  vibrate  and  returns  to  its  posi- 
tion of  equilibrium,  it  no  longer  touches  the  metiil  point  and  the 
current  is  consequently  interrupted.  By  this  means  is  obtained 
a  series  of  intenniptions,  moro  or  less  rapid,  according  to  the 
sound,  the  current  being  thrown  into  the  line  and  interrupted 
once  for  e^i  of  the  \ubrationa 

At  the  extremity  of  the  line  the  current  enters  an  electro- 
magnet, which  attracts  another  vibrating  plate  of  size  and  qual* 
ity  identical  with  the  former.  Attracted  and  repelled  very 
rapidly,  exactly,  and  as  rapidly  in  fact  as  the  plate  mentioned 
above^  this  second  plate  gives  forth  a  sound  which  will  have  the 
same  musical  value  as  that  of  the  other,  as  the  number  of  vibra-j 
tdons  per  second  is  the  same  in  both  cases. 
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Should  this  process  be  perfected  it  will  be  possible  to  transmit 
sound  by  means  of  the  telegraph — ^to  transmit  a  series  of  soimds, 
a  tune,  or  spoken  sentence  and  conversation.  This  consumma- 
tion has  not,  however,  been  yet  attained.  Many  experiments 
have  been  made,  the  principle  has  been  applied  in  divers  ways, 
and  everything  makes  us  hope  that  we  will  yet  arrive  at  a  perfect 
system  of  acoustic  telegraphy.  Advances  have  been  made  very 
J^  upon  the  road  to  success.  A  series  of  vibrating  plates,  an- 
swering to  the  strings  of  a  harp,  has  been  arranged,  each  of 
^hich  vibrates  when  struck  by  a  particular  sound,  and  sends  off 
electricity  to  create  at  the  end  of  a  line  the  same  vibrations  in  a 
corresponding  plate,  or,  in  other  words,  to  reproduce  the  same 
sound. 

This  system,  it  must  be  admitted,  is  at  least  very  ingenious. 
Experiments  have  been  made  in  laboratories,  that  is  to  say  under 
conditions  entirely  favorable,  and  such  as  we  would  not  often 
find  in  actual  practice.  Under  these  conditions  a  musical  air 
has  actually  been  successfully  transmitted  by  this  acoustic  tele- 
grapL  All  must  admit  that  this  is  a  promising  beginning ;  but 
we  must  not  make  too  much  haste  to  exalt  the  miracle  and  to 
extol  the  advantages  of  the  future  machine,  or  to  abandon  our- 
selves to  the  indulgence  in  indiscriminate  laudation  on  the 
strength  of  this  new  discovery.  That  would  be  a  gross  mistake 
and  an  injury  to  science.  True  scientific  faith  is  doubt^  until 
the  truth  appears  in  uncontrovertible  cleamesa  Care  must  be 
taken  not  to  take  for  reality  that  which  is  merely  a  desire  on  our 
part  We  must  guard  against  all  premature  exultation,  because 
it  weakens  us  in  the  search  for  truth,  and  because  even  one  de- 
ception is  cruel  Let  us  therefore  give  to  doubt,  to  patience  and 
to  perseverance,  the  place  which  some  too  readily  give  to  con- 
gratulation." 


Cn.U^TER   II, 


BELLS  TKLKPIIONIC?  llESfiAJtCirEa 


In  a  lecture  delivered  before  the  Society  nf  Telegrapli  En- 
gineers, in  LoEdoii,  October  Slst,  1877,  Prof.  A-  G,  Bell  guve  & 
kistorv  of  lm>  reseaixjlies  in  telephonv,  together  with  the  experi- 
ments that  he  \va*>  ie(  to  unciertiike  in  his  endeavors  to  produce 
a  practical  ;^;**ateiiL  o;  multipiC  telegraphy,  and  to  reali^Ki  also  the 
transmission  nf  articulate  speeeh.  As  the  subject  has  now  be- 
come of  gre..t  intercot,  both  in  a  seieatiiic  and  popular  point  of 
view,  we  leel  ^;arranted  in  I'eproducing  the  lecture  in  full  After 
•  the  usual  mtrociuction,  IVof essor  Bell  said : 

*'It  is  to-night  my  plct^isure,  as  well  as  dut}',  to  give  you  soma 
aocoimt  of  the  telephonir  researches  in  which  I  have  been  so 
long  engaged  Many  j^eat^  ngo  my  attention  was  directed  to 
the  raechamsm  of  6i)eeeh  by  my  father,  Alexander  MeUnlle 
Bell,  of  Edinbiu^h,  who  has  made  a  hfe-long  study  of  the 
subject  Many  of  those  present  may  i^ecollect  the  invention 
by  my  father  of  a  means  of  representing,  in  a  wonderfully  ac- 
curate manner,  the  positions  of  the  vocal  organs  in  fonning 
soimds.  Together  we  earned  on  quite  a  number  of  experiments, 
seeking  to  discover  the  correct  mechanism  of  English  and  foreign 
elements  of  speech,  and  I  reniemlx*r  especially  an  invcstigiitiou 
in  which  we  were  engaged  concerning  the  miosieal  i\4ationa  of 
vowel  sounds.  "When  vowel  sounds  are  whispercrl^  each  vowel 
seems  to  possess  a  particular  pitch  of  its  own,  uiul  by  whispering 
certain  vowels  in  succession  a  musical  scale  can  be  distinctly 
perceived.  Our  aim  was  to  determine  the  natiUTil  pitch  of  eacli 
vowel;  but  unexpected  diffieulries  made  then-  appearance,  for 
many  of  the  vowels  seemed  to  possess  a  double  pitch— one  due, 
probably,  to  the  n^sonanee  of  the  air  in  tlio  mouth,  and  the  otlier 
to  the  resouaiiee  ot  the  air  contained  in  the  cavity  behind  the 
tongue,  comprehending  the  phaiynx  and  larynx. 
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I  lilt  \i\yon  an  exiieclieiit  ior  tletcnnining  tlic  pitch,  whicli,  at 
iat  time,  I  tliougbt  tc:>  be  originul  with  ^tyseli  It  conaiste<l  ia 
ibratiTig  a  tuning  fork  in  front  of  the  mouth  while  tlie  positicns 
the  vo<?iil  orgunrt  fur  the  vurioua  vowel  souniU  wen?  silently 
cen.  It  was  found  that  each  vowel  position  caused  the  rein- 
Dinsement  of  some  pailienlur  fcirk  or  forks. 
I  wrote  tin  account  of  these  reseurc^hes  to  Mr.  Alex.  J.  EUiii, 
of  London,  whom  I  have  very  great  pleasure  in  seeing  here  to- 
night In  reply,  he  informed  me  that  the  experiments  related 
I  id  already  been  perfonned  by  IlelinholtZy  and  in  a  much  more 
*rfect  manner  than  I  had  dona  Indeed,  he  said  that  Helm- 
>1lz  had  not  only  analyzed  the  vowel  sounds  into  their  con- 
ituent  musical  elements,  but  had  actually  ]ierfnnjied  the  syn- 
lesis  (jf  them. 

He  had  succeetled  in  jiroducing,  artillcially,  certain  of  tho 
3wcl  sounds  by  causing  tuning  forks  of  different  pitch  to  vi- 
ito  simultaneously  by  means  of  au  elective  ciurent     Mr.  Ellis 
ras  kind  enough  to  grant  me  an  interview  for  the  purpose  of 
^plaining  the  apparatus  employed  liy  Hclmholtz  in  prtxlueuig 
bese  extmonJinary  eflFect'^j  antl  I  8pent  the  greater  part  of  a  de- 
jhtful  day  with  him  in  investignting  the  subject     At  that 
le,  however,  I  was  too  slightly  acqijuuntcd  witli  the  laws  of 
lectricity  fully  to  understand  the  explanations  given ;  but  tlie 
ftterview  had  the  ellect  of  arousing  my  interest  in  the  subjects 
^f  sound  and  electricity,  and  I  did  not  rest  until  I  had  ol>tained 
sion  of  a  copy  of  Helmholtz's  great  work/  and  had  at- 
empted,  in  a  eru<le  and  imperfect  mimner  it  is  true,  to  reproduce 
his  results.     AMiile  reflecting  u^xjn  the  possibilities  of  the  pro- 
eduction  of  sound  l»y  elecUictd  means,  it  struck  me  that  the  prin- 
dpleof  vibrating  a  tuning  fork  by  the  intennittent  attracticm  of 
electro-magnet  might  be  aj^plied  to  the  electrical  production 
music. 

I  imagined  to  myself  a  series  of  tuning  forks  of  ditlerent 
itches,  uiTanged  to  vibnite  autiimatically  in  the  manner  s^howTi 


^  Bdmholti.     Die  Lehro  Ton  dcm  Tonamp&ndungeii. 
Alexiiiidcr  X  EIHb,  Theury  of  Tona) 


(Kngbiih  translation,  by 
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by  Ilelmlioltz — each  fork  interrupting,  at  every  vibratioii,  a  vol- 
taic current — and  the  thought  occuxTed,  Why  should  not  the 
depression  of  a  key  like  that  of  a  piano  direct  the  intemipted 
current  from  any  ono  of  these  forks,  through  a  telegniph  wire,  to 
a  Beries  of  electro-magnets  operating  the  strings  of  a  piano  or 
otht'i'  ninsicid  iiistrament,  in  which  case  a  person  might  play  the 
tuning  fork  piano  iu  one  place  and  the  music  be  audible  from 
the  electro-magnetic  piano  iu  a  distant  city  ? 

The  more  I  reflected  upon  tins  airangement  the  more  feasible 
did  it  Beem  to  me ;  indeed,  I  saw  no  reason  why  the  dcpressiou 
of  a  number  of  keys  at  the  tuning  fork  end  ni  the  circnit  should 
not  be  followed  by  the  audible  productirjn  of  a  full  chord  from 
the  piano  in  the  distant  city,  each  tuning  fork  alTccting  at  the  re- 
ceiving end  that  string  of  the  piano  with  which  it  was  in  unison. 
At  this  time  tlie  interest  wliich  I  felt  iu  electricity  led  me  to 
study  the  various  gystems  of  telegraphy  in  use  in  this  country 
and  iu  ilmericiL  I  was  rnucli  struck  w4th  the  sinipUcity  of  the 
Morse  alphahetj  and  with  the  fact  that  it  could  be  read  by  sound. 
Instead  of  having  tlie  dots  and  dashes  recorded  upon  paper,  the 
operators  were  iu  the  habit  of  observing  the  duration  i>f  the  click 
of  the  instruments,  and  iu  this  way  were  enabled  to  distinguish 
by  ear  the  varioiis  signals. 

It  struck  me  that  in  a  similar  nmnuer  the  duration  of  a  musi- 
cal note  might  be  niade  to  represent  the  dot  or  dash  of  the  tele- 
graph code,  so  that  a  person  might  opemte  one  of  the  keys  of 
the  tuning  fork  piano  referred  to  alwve^  and  the  duration  i>f  the 
soxmd  proceeding  from  the  corresponding  string  of  the  distant 
piano  be  observ^ed  by  an  operator  station<^l  there.  It  seemed  to 
rae  that  iu  tliis  way  a  number  of  disthict  telegraph  messages 
might  \jo  sent  simulti\ne<3usly  from  the  turdng  fork  piauu  to  the 
other  end  of  the  circuit  by  o|>eratoi*s,  each  manipulating  a  diffo*- 
ent  key  of  tlie  instrument  These  messages  would  be  read  by 
operators  stationed  at  the  distant  piano,  each  receiving  operator 
listening  for  signals  of  a  certain  dciinite  pitch,  and  ignoring  all 
others.  In  this  way  could  be  accomplished  the  simultaneous 
transmission  of  a  number  of  telegraphic  messages  along  a  single 
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I  wire,   the  number  Wmg  limit4?d  only  hy  the  delicacy  of  the 
listener's  ear.     The  idea  of  increasing  tli6  carrying  iK>wer  of  a 
lele^^rapli  wire  in  this  way  t<M)k  cfniipleto  ]iossessir)n  of  my  mind, 
and  it  was  this  pnictical  end  that  I  had  in  view  when  I  com- 
pnenced  my  researches  in  electric  telephony. 
In  the  progress  of  science  it  is  universally  fonnd  tliut  c*>m- 
^T)lexity  leads  to  simplicity,  and  in  mirrating  the  liistory  of  scien* 
^Kific  reaearch  it  is  often  advisable  to  Wgin  at  the  end, 
**       In  glancing  back  over  my  o\\ti  i-esearche^,  I  find  it  necessary 
to  designate,  by  distinct  names,  a  \'ainety  of  electrical  cun*ents  by 

I  means  of  which  soimds  can  be  produced,  and  I  shall  direct  your 
attention  to  several  distinct  si>ecies  of  what  may  l*e  termed  tele- 
phonic cairents  of  electi*ieity.  In  ortler  that  the  peculiarities  of 
Ihese  cun-ents  may  be  clearly  understood,  I  ^^hall  ask  Mr,  Frost 


JHrcet 


httrniUk^^i 


Mwtry  ^    ■£_" 


d      d 
h 


Ftg.  29. 

project  ujx>n  the  screen  a  gmphic:il  illustration  of  the  dillEei*ent 

^arietiea 

The  graphical  method  of  rej>rpsenting  electrical  cnrrents  shown 

L  lig.  29  is  the  best  meaiLS  I  have  been  able  ta  devise  of  studying, 

in  an  accurate  manner,  the  effects  produced  by  various  forms  of 

i^lephonic  apjiaratus,  and  it  has  led  uie  to  the  conception  of  that 

leculiai*  species  of  telephonic  current,  here  designated  i\s  undula- 

ory^  which  has  rendei*ed  feasible  the  artiliciul  piYjduction  of 

articulate  speech  by  electncal  means. 

A  horizontal  line  (j/  g")  is  taken  as  the  zem  of  current^  and  im- 
pulses  of  positive  electricity  are  i-eiJivscnted  above  the  zero  line, 
Earid  negative  injjmlses  below  it,  or  t^ice  verm. 

The  vertical  thickness  of  any  electrical  impulse  (h  or  d)^  mea- 
Lguxed  from  the  zero  liucj  iuulicatcs  the  intensity  of  the  electrical 
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current  at  tlio  point  observed,  and  tbe  horizontal  cxtisnsion 
tliG  eleclTic  line  {b  or  d)  indicates  the  duration,  of  the  impulse. 

Nino  varieties  ut  telephonic  cnrrent*i  may  Imb  distinguishc 
but  it  will  only  Ijo  neces5?ary  to  ^liow  yon  six  of  tliet^e,  Th 
thive  primary  varieties  designated  as  intermittent  pulsatory  ai 
nndidator}^,  are  representetl  in  lines  1,  2  and  3. 

Siil>varieties  of  thes^e  can  he  distingidslied  as  direct  ur 
versed  cuiTents,  aceoi'ding  as  the  elcctrie4xl  iniprdses  are  all  of 
one  kind  or  arc  alternately  jiositive  and  negative,     Direet  cu 
renti*  may  ptill  fiirllier  l>e  distiiiginshed  as  positive  or  negative 
according  aa  the  impulses  are  of  one  kind  or  of  the  other. 

An  intennittent  c*iirrent  is  ehameterized  l>y  the  alternate  pi 
enee  and  absence  of  electricity  upon  the  cirenit ; 

A  jndsatoiy  current  result,3  from  sudden  or  iustantaiieou 
changes  iu  the  intensity  of  a  continuous  cun^ent;  and 

Au  nndulatory  eujTent  ia  a  currcnt  of  electricity,  the  intensit 
of  which  varies  in  a  manner  proj^MJilional  t^  the  velocity  of  tb 
motion  of  a  imrtiele  of  air  during  the  pmduction  at  asoutid: 
thus  the  cun^e  representing  graphie^dly  the  undulaUjry  current 
for  a  simple  musical  tf  me  is  the  curve  expressive  uf  a  simpl 
pendulous  vibration — that  is,  a  sinusoidal  curve; 


§ 


iDlertuiLtent 


PuUiitory 


Direct 


i 

i_ 

1  Direct 


trndulatotj 


I  Dip&et 


"I 


i  Po«itivc     1  rofiltivo  jntemiittent  currcoL 

(  Negative   2  Negative        ''  " 

Reversed  3  Reversed        "  •* 

{  Positive     4  PoflitivQ  pulaatory  ciUTQiit.J 

(  Negative   5  Negative         '*  ** 

ReverFod  6  Reversed         **  " 

(  Positive     T  Poaitivo  undulatory  currenL 

/  Negative  8  Negative        "  " 

Reversed  9  Reversed        **  •* 


And  lierr  I  may  remark,  that,  although  the  conception  of  tl 
undulatory  current  of  elcetricity  is  entirely  original  with  mj^sel 
methods  of  prtxiueing  sound  by  means  of  intennittent  and  pul*^ 
satory  cuixents  have  long  lx*en  known.  For  instance,  it  was 
long  since  diiicovered  that  an  electro-magnet  gives  forth  a  de^ 


PAGE'S  GALVANIC  MUSia 

idofl  Bound  wLen  it  is  suddenly  magnetized  or  demagnetized. 

^hen  tljo  circuit  upon  wliieli  n  is  placed  is  nipidly  made  and 

:»ken,  a  miccession  of  explosive  noises  ])nx;eeds  from  the  mag- 

tiet.     These  tMituids  produce  upon  the  t^r  the  efifect  of  a  musical 

note  when  the  current  is  interrupted  a  sufficient  numljer  of 

jUmei?  per  second.     Tht>  discovert'  of  Cfalvanic  Music  by  Page,* 

1837,  led  ijiqum?rs  in  different  paits  of  the  world  almost 

rirnuhaneously  to  enter  into  the  field  of  telephonic  research ; 

\d   the   acouiitical    effects    produced    hy  magnetization   were 

irefully    .studied    by    Marrian,^    Beatson^^    Gassiot^*    De    la 

live, 5  Matteueei,^   GuilleminJ  Wertheim,®   Wartrnann,^  Jan- 

>!*»    Joule,  1^   Labtjitle,i3   Legutta    Rei.s,i*  Poggendoi-ff,  ^  «* 


i   C,  G.  I^.    •*TI»o  Prodiietion  of  GaIvojiic  Music.'*     8Ur»mjin*«  Joufi^,  1837, 

xii.  j>.  sm;  SiUltiittii'*  Jouni-,  18»8,  xxxliu  |i.  lib  ;  Bibl.  Umv»  {twvf  sorki),  iWJ^J, 
,  p.  iJi>4(. 

a  J,  P,  Marrian,  Phil.  Moif,.  xxv,  p.  3*12;  Iiij»t„  1^45,  p,  21;  Areli,  de  P&ootn, 
.p.  1^5, 

»  TF.  BiQUi>f^.  An-h.  do  TEkH'tn,  v.  p.  lUT  ;  Arcli,  dw  8c.  PhyM.  ut  K«t.  (ad  tturioa), 
,p.  115. 

*  Owmot,     8e«  "Twwifisie  on  Et«*tTicttY/-  br  !>«  k  Rive,  '<  p.  ^4)0. 

*  i)*  jta  iWir*.  ^'Trcttti>«o  im  Klectriciiy,"  j.  p.  ^KK>;  Fii'd,  Ma^,,  xxxv%  p.  422; 
kfvh.  d«5  r^ltHJtr.  V.  p.  2(X> ;  Inat*  1^4*)^  p.  83  ;  Ooniptes  RctidtiR^  xx.  p.  ItisT  :  I'onip. 

cud-  xxii.  p*  4.3:i;   Pogg.  Aau.  Ixxv.  p.  637:   Ami.   dy  Cliim.  wt  do  Phya.  xxvi. 

.  \m. 

*  Mmiwm.    Init.,  1§45,  p.  $1.1 ;  Arch,  do  Tfeleotr,,  v.  »89. 

T  OvilUmm.  Comp.  Bond*  3£xU,  p.  Iirt4  ;  Inat,  l*H<i,  p.  »0 ;  Ateh,  d.  So.  Phy*.  (2d 
tncB\  i.  p.  n^n. 

»  {?,  HVri'Afim.  Cf>mp.  Rend.  xxli.  pp.  356,  S44?  Tn«t  1846,  pp,  65,  100;  Pogg, 
^un.  IxviU.  p.  14<>;  Comp*  K«nd,  xxvu  p,  'nn't;  Iriat.  1H4M,  p.  I4e;  Ann*  de  Cliini* 
t  de  Phya.  xxlii.  p,  aoa;  Arch.  d.  iSo.  Piiys,  et  ^ut.  viii.  p.  tiOC ;  Pogj^.  Auu.  Lxxiii. 
,4C;  BorL  B«r.  h.  p.  li2U 

*  Mi*  WaHmann,  Comp.  liond,  xxu.  p.  Hi:  PliiK  Mii«?.  (Jid  Henea),  xxvitL  p. 
i  1  Arcli.  d  Sc,  Phyi*.  «t  Nut.  <^ad series),  i,  p,  41  v ;   luat,  li*4«J,  p.  21*0 ;    Moimtschcf. 

.Bert.  Akiid,  lMi%'p.Hl. 

1"  Jannain  Cuinp.  Keud.  xxiil.  p.  S19;  Tn^t.  I8^t»i,  p.  2«U ;  Arch.  d.  6e.  Phya.  et 
Htd,  ('id  «ertc*),  U.  p.  3t»4. 

11  J.  I.  JouU,    PhiU  aug.  3txv.  pp.  r«,  325 ;  B«rl,  Bor.  iXL  p.  48fl. 

1*  LahortU,    Comp.  Keud.  I.  p.  003:  Uosmos,  x%'ii.  p,  &14. 

*»  2«y(i*.    Brix,  Z.  S.  ix,  p.  125 

1*  JCeu.  **  Tel^ph<jmo."  Polytochtiic  Joum.  clxvUL^  p.  185;  Brtttgef*«  NoUxbl- 
18<IS,  No,  0, 

'  r**/.  'A  Btggtndorf,    Poj^j?  Ann.  xodiL  p*  in>*;  Berliner  Monuteber.  1^56,  p.  lS3j 
.  p*  ^%  Bori*  Ber.  xii  p.  ii44 ;  Pogg^.  Ann.  txxxTii  p*  IBP. 
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Du  Moncel,^  Delezenne*  and  others.*  It  should  also  be  men- 
tioned I  that  Gore^  obtainetl  loud  musical  notes  from  mercuiy, 
acc^jmpanied  by  singiihuly  beautiful  crispations  of  the  sur- 
face, during  the  coixrHe  of  experirnentii  in  electrolysis;  Page** 
produced  musical  tones  from  Tiisvelyau's  Imra  by  the  action  of 
the  galvanic  current ;  and  further  it  was  discovenxl  by  Sullivan* 
that  a  current  of  electricity  is  generated  by  the  vibration  of  a  wire 
comjjosed  partly  of  one  metal  and  partly  of  another.  The  cur- 
rent was  pi*<xlu<!e*:l^so  long  as  the  wii-e  emitted  a  musical  note, 
but  stopped  immediately  upon  the  ees^sation  of  the  sound 

For  several  years  my  attention  was  almost  exclusively  directed 
to  the  production  of  an  in>>trument  for  making  and  bi^eaking  a 
voltaic  circuit  with  extreme  rapitlity,  to  take  tlie  place  of  the 
tmnsmittiug  tuning  fork  used  in  Ilelmholtz'  researches,  I  will 
not  trouble  you  with  the  description  of  all  the  various  forms  of 
apparatus  that  were  devised,  bat  will  mexcly  direct  your  atten- 
tion to  one  of  the  best  of  them,  shown  in  fig.  30.  In  the  trans- 
mitting instnmient  T  a  steel  reed  a  is  employed,  which  is  kept 
in  continuous  vibration  by  the  action  ot  an  electro-magnet  e  and 
local  battery.  In  the  course  of  its  vibration  the  reed  strikes 
alternately  against  two  fixed  points  m,  ?,  and  thus  completes 
alternately  a  local  and  a  main  circuit  "Wlien  the  key  K  is 
dei)resse<l,  an  intermittent  current  from  the  main  battery  B 
is  dire(jt4xl  to  the  line  wire  W,  and  passes  througli  the  eleetiH:*- 
magnet  E  of  a  receiving  instrument  R  at  the  distiuit  end  of  the 
ciixiuit,  and  thence  to  tho  ground  G.     The  steel  rced  A  is  place«l 


1  Du  Monc$l.     Exrpoftt',  1i,  p.  125;  also,  iiu  p.  SI5. 

*  D«imenn€,  *^  Sound  producod  hy  rna^autuatiou/^  Bibl.  Univ.  {new  frenea), 
1841,  xvl  p.  406. 

*  See  London  Jotim.  xxxil.  p,  402;   Polyteohnk  Joum,  ex.  p,  16;   Coftmoa,  iv, 

p,  43 ;  Gl*''Soner^ TmtiS  gi^nt-nU^  *fec»  p.  364j ;  Dove, -Rupert,  vi,  p.  6tt ;  Pogir .  Ann* 

xliii.  p,  411  i   Btsrl.  Bvr.  i.  p.  144;   Aroh.  d.  Sc.  Thy*,  tit  Niit.  xvi.  p.  40«;   Kttim's 
Enof  clopscdia  dcr  Pbydikj  pp.  1014-102L 

*  Gor€*     Proceedings  ot  Koy.ij  Society,  xiL  p.  217* 

«  C,  Q*  /b^tT.  "  Mbration  <ii  Trovelytm^s  Imrs  hy  tho  galvamo  mirront."  SiUi- 
man's  Jcmnuil,  1850,  U.  pp.  105-108. 

«  Stilliv^n,  '*  Currents  of  Electritjity  prtiductid  by  tbe  vibnitloii  of  MeUln,"  PiiU. 
Mug.  Ib46,  p.  2ttl;  Arok.  d©  I'Hevtn  x.  p.  4&0, 
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in  front  of  the  receiving  magnet,  and  when  its  normal  rate  of 
vibration  is  the  siime  as  the  reed  of  the  tmnsmitUng  instrument 
it  is  throwu  into  powerful  viI)mtion,  i^mitting  a  musical  tone  of  a 
similar  pitch  to  that  produced  by  tlie  rced  of  the  transmitting 
iDstmment^  but  if  it  is  normally  of  a  different  pitch  it  remains 
silent 

A  glance  at  figa  81, 32  and  33  will  show  the  airangement  of  Guch 
instruments  upon  a  telegraphic  circuit,  deigned  to  finable  a  num- 
ber of  telegraphic  despatches  to  be  transmitted  simultaneously 


/Vy.  30. 

along  the  Bame  wire.  The  tnmsmittej'B  and  reoeivei^  that  are 
numbei-ed  alikn  liave  the  ?ame  ]nteh  or  rate  of  ribnttion.  Thus  the 
reed  of  T'  is  in  unison  with  the  reeds  T'  and  B/  at  all  the  stations 
upon  the  circuit,  so  that  a  telegraphic  despatch  sent  by  the  man- 
ipidation  of  th^  icey  K'  at  the  station  shown  in  ficf,  31^  will  be 
received  upon  the  receiving  instruments  R'  at  all  the  other 
stations  upon  the  circuit  Without  going  into  details,  I  shall 
merely  say  that  tlic  gi'eat  defects  of  this  plan  of  nudtiple  tele- 
graphy were  foirnd  to  consist,  firstly,  in  the  fact  that  the  i-eceiving 
operators  were  required  to  possess  a  gooil  musical  ear  in  order  to 
discriminate  the  signals;  an<l  secon<l!y,  tliat  tlie  signals  could 
only  pass  in  one  dii*ectiou  along  tlie  line  (s*>that  two  wires  would 
be  necessary  in  order  to  complete  eonuuumcatiun  in  both  direo 
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lonaV  The  first  objection  was  got  over  by  empkiymg  the  de- 
Tice  which  I  term  a  **  vibratory  circuit  breaker,"  shown  ia  the 
next  diagram,  whereby  musical  agnala  can  be  automatically  re* 

Fig.  34  shows  a  reoeivIri;LC  instrument,  R,  with  a  vibratory  cir- 
^T  y  attacheil     Tlio  ligfit  ^       '  V  overlaps  the 

of  the  steel  reed  A,  and  ib  s  a  local  circuit 

fin  which  may  be  ^taoed  a  Mnrse  sounder  or  other  ti^legraphie 
apparatus.     VT^  1  A  is  tlirown  into  vibration  b}-  the 

passage  of  a  ID'  1  ._      .  the  J^priug  arm  Y  irf  thrown  upward?, 

opening  the  local  dicuit  at  the  point  CX  When  the  sj^ring  arm  V 
is  so  arrange<l  a.s  to  hjn  '  '  '     '  «te  of  vlbm- 

tiou  than  the  reed  Am  tli  iiain  perma- 


'  open  durinjf  ^Be  vibration  of  A,  the  .spring  arm  Y  coming 
into  contact  with  the  point  C  uuly  upon  the  cv^satimi  of  tlie  re- 
ceiver's \ibratioiL  Thus  the  signals  }iroduced  by  the  vibmtion 
of  the  reed  A  are  i*eproducad  uj^on  an  ordinary  telegmphic  instru- 
ment in  the  local  circuit. 

Fig,  35  shows  the  application  of  electric  telephony  to  auto- 
gmphic  telegraphy,  q,  q  represent  the  I'ceds  of  tiunsuiitting  inatni- 
ments  of  dijfferent  pitch,  s^  s  the  I'eceivera  at  tlic  distant  station  of 
corresponcUng  jjitch,  and  u,  u^  eta»  the  vibmtory  circuit  breakers 
attached  to  the  receiving  instruments,  and  connected  with  metallic 
bristles  resting  upon  chemically  prepai'ed  pai>er  w.  The  message 
or  picture  to  l>e  copied  is  written  upon  a  inetallic  surface,  p,  with 
nou-met*illic  ink^  and  placed  upon  a  nietalHc  cylinder  connected 
with  the  main  battery,  c ;  au^l  the  chemically  prepared  paper, 
upon  whioh  the  me«Bago  is  to  be  roaiivod,  in  placed  upon  a 
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metallic  cylinder  coimectecl  with  the  local  batteiy  d  at  the 
receiving  statdoiL  When  the  cylindera  at  either  end  of  the  cir- 
cuit are  rotated — ^but  not  neccsaarily  at  the  same  rate  of  speed-* 
a  fae  simih  of  whatever  is  written  or  drawn  upon  the  metallic 
surface  p  appeam  upon  the  cliemic^lly  piTpared  paper  u\ 

The  method  by  meiuis  of  which  musical  signals  may  be  sent 
simultaneously  in  both  directiotLS  along  the  same  circuit  is  shown 
in  our  next  illustration,  figs.  36,  87  and  38.  The  aiTangement  is 
similar  to  thatsliown  in  figures  31..  32  and  33.  excej>ting  that  the 
intermittent  curreut  from  the  trauismitting  instruments  is  passed 


7rrrih;i^ 


through  the  prirnaiy  wirc^  ui  au  ijulurtiuii  coih  and  the  receiving 
instruments  m*c  placed  iu  cimuit  with  the  secondary  wire.  In  tins 
way  free  eaitk  communication  is  ssecui'cd  at  either  end  of  the 
circuity  and  the  nuisical  signals  pitxluced  by  the  manipuhation  of 
any  key  ui*e  rLM^eived  at  all  the  stations  upon  th«3  line*  The 
great  objection  to  this  plan  h&  the  extreme  ccHnplication  of  the 
parts  and  the  \  of  emph>ying  loc^d  and  main  battei'ies  at 

every  station.     -V. s  ako  found  hy  practical  experiment  that 

it  was  difficult,  if  not  inij>c>ssil:ileT  upou  either  of  the  plans  here 
shown,  to  transmit  simultaneously  the  munbei*  of  musical  tones 
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that  theory  t^howetl  Uf  Vh3  fe<isible.     Muturo  consideration 
vealed  the  fact  that  tliiH  tlifficiilty  lay  in  tho  natui*©  i»f  the  dectrieaf 
rarrent  eoiployeil,  ami  w;h  lliiallv  oliviLited  Ijv  the  inventiom 
tVie  Tindulatoiy  current 

It  is  a  strange  iari  that  inij>oi*ti4Ut  inveutions  are  often  maC 
almost  simultaneously  ]>y  different  pei-sons  in  different  parts  of 
the  world,  and  the  idea  of  multiple  telegraphy,  as  develoj>ed  in 
tho  preceding  diagmmiV,  neems  to  have  oeeurred  iiMh*pendentW^j 
to  no  le&H  than  four  other  inventom  in  America  and  Europ^^ 
Even  the  dctjub  of  the  arrangements  upon  cireuit — shown  in 
ijgs.  31|  32,  33  and  36,  37,  38 — are  exti-emely  simihir  in  the  plan^^ 
projMJsed  l^y  ^Ir.  Cix)mwell  Yarley,  of  Ltjiidon,  Mi\  Elisha  Grajj 
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of  Chicago,  Mr.  Paul  La  Cour,  of  Coj^nhagen,  and  Mr.  Thomas 
Ediii^jn,  of  Newark,  New  Jersey,  Into  the  question  of  priority 
of  invention,  of  coai*se,  it  hi  not  my  intention  to  go  to-night 

That  the  dilficulty  in  the  use  of  an  intermittent  current  may 
be  more  clearly  undci'stood,  I  shall  ask  you  to  accompany  uie 
in  my  explanation  ot  the  eflect  iJivxluccd  when  two  musical 
signals  of  dillerent  pitch  are  simultaneously  directed  along  the 
same' circuit  Fig,  89  ahows  an  armngement  whereby  the  reeda 
r  r'  of  two  tiTinifmitting  instnuuents  arc  caused  to  interrujit 
the  current  from  tho  same  batteiy,  B.  We  ehidl  suppiir^e  tho 
musical  interx'al  between  the  two  reccL*  to  be  a  major  thinl,  ia 
wlxich  case  their  vibrations  are  in  the  mtio  of  4  to  5,  i  rei,  4 
vibrations  of  r  i\w  made  in  the  same  time  as  5  vibrations  of  r. 
A  aad  B  represent  the  intermittent  curi-euts  produced,  4  im- 
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\  of  B  being  niade  in  the  same  time  as  6  impulses  of  jL 

ie  line  A  4"  D  i^pi'esents  the  resuluint  effect  up<3u  the  maiu 

line  when  the  ret*il!^  r  and  r'  an?  simiiltincously  caused  to  nuike 

id  break  the  same  cii-ouit^  and  fmui  the  inusti*atioR  you  will 

eive  that  the  resultant  current,  whilttt  retainiug  a  uniform 

iten^sity,  is  lem  interrupted  when  both  reeds  are  in  operation 

Ihan  when  one  alone  is  ernifloyed.     By  rmnying  your  thoughts 

till  further,  you  will  understand  that  when  a  lai*ge  number  of 

eed:3  of  different  i>itch  or  of  flilferont  x\nteg  of  vibnition  are  sim- 

Itaneously  making  and  l>reakin^  tlie  siune  ein*nit^  the  resulUm't 

Ijeffect  upon  the  main  line  is  practically  equivalent  to  one  eontin- 

uous  current 

It  \vill  also  be  undcTstoixl  thnt   the    miixinnuu   number  of 


musical  signals  that  can  be  simultaneously  directed  along  a 
L  single  wire  without  rcmlliet,  depends  vt*ry  much  tijion  the  ratio 
iwdiich  the  -'maku''  bear'?  to  the  *'Vjreak;*'  the  shorter  the  con- 
Jtact  made,  and  the  longer  the  break,  the  greater  the  number  of 
[signals  that  can  he  transmitted  without  lmhi fusion,  and  ince  verscu 
le  apparatus  by  means  of  wdiieh  this  theon:'tipal  conclusion  has 
tbecn  verified  is  here  to-night,  and  eonsists  of  an  ordinjiry  parlor 
a.nnonium,  the  reeds  vi  which  are  operated  by  wind  in  the 
[usual  mannen  In  front  of  each  reed  m  arrange<l  a  metal  screws 
against  which  the  i*eed  strikes  in  the  course  of  its  vibration.  By 
Pudjusting  the  screw,  tlie  dui*ation  of  the  contact  can  l)e  nuide 
llong  or  rfiorl  Tlie  ree<lts  are  eonneeted  with  one  pole  of  a 
attery,  and  the  screws  against  which  they  strike  coimnuuicat© 
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witli  tljc  line  wire,  so  that  intermittent  inipiilscs  from  the  battery  1 
iu*e  tninsuiitted  along  the  line  wii-e  during  the  vibration  of  the 
reeds. 

We  now  proceed  to  the  next  illnetration.      Without  entmng 
into  the  details  of  the  calculation  you  will  see  that  with  a  pulsa- 


By.  4L 

toiy  current  the  effect  of  tninamitUng  musical  sigiiala  simiiltane- 
ounly  is  nearly  equivalent  to  a  continuous  current  of  minimum 
intensitj— see  A-fB,  iig,  40;  but  whcu  undulatory  currents 
are  employt^d  the  effect  is  different — see  fig*  41.     The  current 


Fig.  42. 

from  tue  battery  B  is  thrown  into  waves  by  the  inductive  action 
of  iron  or  steel  reedi^  vibrated  iu  front  of  electro-magnets  plaee^J 
in  ciixjuit  with  the  batter^' ;  A  and  B  rcpresent  the  undulatioiaH 
.caused  in  the  current  by  the  vibration  of  the  magnetized  bodies^j 
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[  aiid  it  will  be  seen  that  tliert?  uiv  foiir  undalations  of  B  in  the 
game  time  as  five  undulations  of  A-     The  resultant  effect  upon 
I  the  main  line  is  expressed  by  the  curve  A+B,  which  is  the  alge- 
braical sum  of  the  sinusoidal  curves  A  and  B.     A  slmilur  effect 
is  produced  when  reversal  undalatoiy  currents  are  employed^  as 
shown  in  fig.  42^  where  the  current  is  produced  by  the  vibration 
of  permanent  magnets  in  front  of  electro-magnets  united  upon  a 
I  circuit  without  a  voltaic  battery.     It  will  be  understoo<l  from  figs. 
■41  and  42  that  the  effect  of  transmitting  musical  signals  of  dif- 
Iferent  pitches  eimultaneouBly  along  a  single  wire  is  not  to  ob- 
,  literate  the  vibi-atory  character  of  the  cun-ent,  as  in  the  case  of 
intermittent  and  pulsatory  currents,  but  to  change  the  shapes  of 


fig,  43. 

the  electrical  undulatioiusw  In  fact,  the  effect  produced  upon  the 
current  is  precisely  analogous  to  the  effect  produced  in  the  air 
by  the  vibration  of  the  inducing  bodies.  Ilence  it  should  be 
possible  to  transmit  as  many  musical  tones  simultaneously 
ugh  a  telegraph  wire  as  through  the  air.  The  possibility  of 
undulatory  currents  for  the  purposes  of  multiple  telegraphy 
bled  me  to  dispense  entirely  with  the  c^>mplicated  arrange- 
lenia  of  the  circuit  shown  in  figa  31, 32,  S3  and  86, 37, 38,  and  to 
employ  a  single  battery  for  the  whole  circuit,  retaining  only  the 
reoeiving  instruments  formerly  shown.      This  arrangement  is 
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represented  in  fig.  43.  Upon  vibrating  the  steel  reed  of  a  re- 
ceiver B,  R' ,  at  any  station  bj  any  meclianical  means,  the  cjovr^- 
sponding  reeds  at  all  the  other  st^itions  are  thrown  into  Wbration, 
reproducing  the  signal  By  iitochiug  the  steel  reeds  to  the 
poles  of  a  powerful  permanent  magnet,  as  shown  in  fig.  46^  the 
signals  can  bo  pro«:liiced  without  the  aid  uf  n  battery. 

I  have  formerly  stated  that  Helniholtz  was  enabled  to  prodxioe 
vowel  sounds  artificially  by  combining  musical  tone^  of  different 
pitches  and  intensities.  His  apparatus  is  shown  in  fig  44. 
Tuning  forks  of  different  i>itcli  are  placed  between  the  poles  of 
electro-magnets  (a'^  a*,  kc,)^  and  are  kept  in  continuous  vibration 
by  the  action  of  an  intermittent  current  from  the  fork  k     Eeso- 
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nators  1,  2,  3,  etc,  are  armnged  so  as  to  reinforce  the  sounds  m 
a  greater  or  less  degree,  acconling  as  the  exterior  orifices  are 
enlarged  or  contmcteA 

Thus  it  will  lie  seen  that  upon  Hdmholtz's  plan  the  tuning 
forks  themselves  produce  tones  of  uuifonn  intensity,  the  loud- 
ncss  l>eing  varied  by  an  externiil  reinforcement ;  but  it  struck  me 
iJiat  the  same  results  would  be  obtained,  and  in  a  much  more 
]>erfect manner,  by  causing  the  tuning  forks  themselves  to  vibrate 
with  diflerent  degrees  of  amplitude.  I  then^fore  de\nsed  the 
apparatus  shown  in  fig.  46,  which  was  my  first  form  of  articulat- 
ing telephone.     In  this  finpire  a  harp  of  steel  rods  is  employed^ 


1  The  full  deaonpt'ioii  of  thU  fllguro  will  bo  found  In  Hr.  Alcucimdor  J.  EllU*s 
tnuuiliitioii  of  HoliuhaluN  work,  **  Theor/ot  Tone,'* 
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ea  to  tne  pole^i  ol  a  pcnuLLULiit  umgnctj  N,  S,  Wlien  anj 
le  of  tlie  roils  is  tUi-owti  into  vibration  an  iincluhitory  currcul 
is  produced  in  the  coils  of  tire  electro-magnet  E^  and  the  electn.v 
magiiel  E'  attracts  the  nxls  of  tlie  liarp  11'  with  a  vaiying  force 
tlirowing  into  vibration  that  rod  wliich  is  in  unifion  vnih  thr,: 
vibrated  at  the  other  end  of  the  circuit  Not  only  8o,  but  the 
iplitude  of  vibration  iii  tin*  one  ^^^^  determine  the  amplitude 
vibration  in  the  other,  fur  the  intensity  of  tlie  induced  cuirent 
is  determincil  by  the  amplitude  of  the  inducing  vibration,  and 
the  amplitude  of  the  vibration  at  the  I'eceiving  end  depeiida 
upon  tlio  intennity  of  the  attractive  impulses.  When  we  sing 
into  a  piano,  certain  of  the  strings  of  the  instrument  are  set  in 
\ibmtion  MjTiiptttlietically  by  the  action  of  the  voice  with  differ- 


imt  (lej^'s  of  amplitude,  and  a  aouu<l,  which  is  an  approxima- 
ju  to  the  vowel  uttered,  ii  produced  from  the  piano.     Theory 
kows  that,  had  the  piano  a  vety  much  larger  number  of  strings 
\  the  octave^  the  vowel  sounds  would  be  jierfwtly  reproduced. 
py  idtta  of  the  action  of  the  appanUus,  shown  in  fig.  45,  wns 
i&:  Utter  a  sound  in  the  neighborhocKl  of  the  harji  U,  an<l 
in  of  tlie  rods  would  bo  thrown  into  vibration  with  diilc r- 
bt  am]>litiidc-s.     At  the  other  end  of  the  circuit  the  correspond- 
ViMs  of  the  harp  II' wonhl  \nbrate  with  their  pTOper  n^latiorm 
force,  imd  the  timbre  of  the  sound  would  be  repixxlnced    Tbt- 
"  ^   ^  iclx  an  appanitufl  a^  that  shown  in  i\j 

■  iiig  the  att*»rnpt,  and  I  sought  to  sim 
ppamtas  Iwiforo  venturing  to  have  it  made, 
*fo«>  alluded  to  the  invention  by  my  father  of  a  ny.< 
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tern  oi  phjaological  symbols  for  repres^iting  the  action  of  the 
▼ocal  oiguttp  aod  I  had  been  invited  bjr  the  Boetou  Boaid  oi 
K<litcatioa  to  ccmduci  a  series  of  experiBiieiits  with  the  system  in 
the  Bostoa  school  for  the  deal  and  dumb  It  is  well  known  th^t 
deaf  mules  are  duzob  merely  because  they  are  dea^  and  that  there 
IB  no  defect  in  their  vocal  organs  to  incapacitate  tbem  from  utter- 
aDO&  Hence  it  was  thought  that  my  father  s  system  c^  pietorial 
aymbolii,  pc^mlarly  known  as  visible  speech,  might  prove  a  means 
whereby  we  oould  teach  the  deaf  and  dumb  to  use  their  vocal 
organs  and  to  speak.  The  great  success  of  these  experiments 
urgied  uf^jn  me  the  advisability  of  devising  methods  of  exhibit- 
ing the  vibrations  of  sound  optically,  for  use  in  teaching  the 


rtg,  46, 

tleaf  and  dumb  For  some  time  I  caiTied  on  experiments  with 
the  manometric  capsule  of  Kcienig  and  with  the  phonautograph 
id  I^eon  Scott  The  scientific  apparatus  in  the  Institute  of  Tech- 
nology ill  Boston  was  fn?e]y  placed  at  my  disjxisal  for  these  ej 
periinents,  and  it  happened  that  at  that  time  a  student  of 
Institute  of  Technology,  Mr.  Maiirey,  had  invented  an  improi 
rueiit  up>Ti  the  phonaotognii)!].  lie  bad  pueceeded  in  \*ibmting' 
by  the  voice  a  stylus  of  wood  about  a  foot  in  length,  which  W3 
attached  to  the  membrane  of  the  phonaxitogniph,  and  in  tt 
way  be  bml  lK*en  etiablcil  to  obtain  eulargefl  tracings  upon  a 
l>lane  surface  of  smoked  glass.     With  tiiis  apparatus  I  succeeded 
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in  prfHlucing  veiy  beautiful  tracings  of  tbe  vibrations  of  the  air 
for  vowel  B*3Uuclrt.  Some  of  tliese  tracings  am  shown  in  tig*  46, 
1  wtis  much  struck  with  thia  improve^d  form  of  apjuiratus,  and  it 
oecuntnl  to  me  that  tliere  was  a  remarkable  likern,^?;s  between 
the  maimer  in  whieh  this  pierc  of  wood  was  vibrated  by  the 
membrane  (»f  the  [j]K>Tiautognn>h  and  the  maimer  iu  which  the 
oasicului  oi  the  huuiuu  ear  were  moved  l:iy  the  tympanic  mem- 


brane,  I  «letermined^  therefore,  to  eonstnict  a  phonautogmph 
odelled  still  uioi^e  closely  upon  tbe  mechanism  of  the  human 
T,  and  for  thi^  purpose  I  sought  the  assij^timee  of  a  distin- 
ished  aurist  in  Boston,  Dr.  Clarence,  X  Blake*  He  suggested 
e  use  of  the  human  ear  itself  as  a  phonaut*».trniph,  instead  of 
inking  an  artificial  imitation  of  it     The  idea  was  novel  and 

struck  me  accordingly,  and  I  ret^ucstal  my  friend  to  prepare 
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a  specimen  for  me,  which  he  clicL  Tlie  api>amtiiST  as  finally  con* 
stnicted,  is  shown  iti  ti^^.  47.  The  stapes  was  removed  and  h 
sty  his  of  hay  atout  an  inch  in  leiigt!i  was  attached  to  the  end 
of  the  incus.  Upon  moistening  the  membrana  tyinpani  and  the 
i>iisicala0  with  a  mixture  of  glycerine  and  water  tlie  neeeasary 
mobility  of  the  part^  was  obtained,  and  nj>on  singing  into  the 
external  artificial  ear  the  stylus  of  hay  was  thrown  into  \abration, 
and  tracings  were  obtained  upon  a  plane  surface  of  smoked 
glass  passed  rapidly  undemeatli.  While  engaged  in  these  ex- 
|)eriments  I  was  strnck  with  the  remarkable  dispropoition  in 
weight  between  the  mcmhraiic  and  the  Iwnas  that  were  vibrated 
by  it  It  <x::ciirre^l  to  me  that  if  a  membrane  as  thin  as  tissue 
paper  could  control  the  \nbration  of  Ix>ne8  that  were,  compared 
to  it,  of  inmiense  size  and  weight  why  sliould  not  a  lai^er  and 
thicker  membrane  be  able  to  vibrate  a  piece  of  iron  in  front  of 


Fig.  48. 

an  electro-magnet,  in  which  ease  the  complication  of  steel  rods 
shown  in  my  first  form  of  telephone,  fig.  45,  could  l>e  done 
away  with*  and  a  simphi!  pieee  of  imn  attiiched  to  a  membrane 
be  placed  at  either  end  of  the  telegraphic  eireuit 

Fig.  48  shows  the  form  of  apparatus  that  I  wjis  then  employ- 
ing for  producing  uudulatory  currents  of  elec::tricity  for  the  pur- 
poses of  multiple  tclcgi-aphy,  A  steel  reed,  A,  was  elami»ed 
firmly  by  one  extremity  to  the  uncovered  leg  h  of  an  electro- 
magnet E,  and  the  fix?e  end  of  the  reed  projected  above  the 
covered  leg.  When  the  reed  A  w^i^  vihmted  in  any  mechanical 
way  the  battery  current  was  thrown  mto  waves,  and  electrical 
undulations  traversed  the  cii\:uit  B  E  W  E',  throwing  into  vibra- 
tion the  corresponding  reed  A'  at  the  other  end  of  the  circuit 
I  immediately  i>raeeeded  to  put  my  new  idea  to  the  test  of 
practical  experiment,  and  for  this  piiq>ose  I  attached  the  reed 
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A  (fig.  49)  loosely  by  one  extremity  to  the  imoovered  pole  h  of 

\  magnet,  and  fastened  tlic  other  extremity  ti3  tlio  c<Mitr«  of  u 

[led  membrane  of  goldbeatem'  skin  a     I  presumetl  tlmt 

apon  speaking  in  the  neighborhood  of  the  membmiie  n  it  would 

thrown  in^^  vibration  and  can&e  the  stool  j*eefl  A  to  move  in 

i  gjfnilar  manner,  occasioning  nndalations  in  the  electrical  ciir- 

[It  that  W4)uld  corrc8|K>nd  to  the  clianges  in  the  denaity  of  the 

"air  daring  the  production  of  the  s<jund ;  and  I  further  thought 

rthat  the  change  of  the  intensity  of  the  cunx'nt  at  the  receiving 

lid  would  cause  the  magnet  there  to  attnict  the  reed  A'  in  such 

iner  that  it  should  copy  the  motion  of  tiie  ree^l  A,  in  which 

its  movements  would  cK^civsion  a  s^>und  from  the  membrane 

similar  in  timbre  to  that  which  liad  oociuiioned  the  origiiial 

ibiatiuiL 
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The  lesultB.  however,  werg  unsatisfactOTy  and  discouraging. 
f T  friend,  Mr.  Thomas  A  Wat«on^  who  assisted  me  in  this  fii«t 
eaqieriment,  declared  that  he  heanl  a  faint  sound  proceed  from 
the  tdeplioiie  at  hii^  end  of  the  circuit,  but  I  was  unable  to 
verify  his  asseftkm.  After  many  e3q>erimenta,  attenderl  by  tbe 
^ame  noly  partially  successful  results,  I  determined  to  reduce 
the  oze  and  weight  of  the  spring  as  much  as  ponble.  For  this 
pojpt^e  I  glued  a  piece  of  clock  spring,  about  the  siae  and  fihape 
of  my  thumb  nail,  firmly  to  the  centre  c^  the  diapfaiagmr  and 
had  a  similar  instrument  at  the  other  end  (fig.  50);  we  were 
then  eoaUed  to  obtain  distincUr  audible  effects'     I  remember 


tjmk  «r  Ti^mmrj,  l§rc^  Mr. 
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an  experiment  matle  with  this  telephone,  which  at  the  time  gave 
me  great  siitisfaetioa  and  cleHght  One  of  the  telephones  was 
placed  in  my  Iet?tui*e  rocmi  in  the  Boston  lTnivei*sity,  and  the 
other  in  the  basement  of  the  adjoining  bnildiiig.  One  of  my 
students  repaired  to  the  distant  telephone  to  oKserve  the  effects 
of   articulate  speech,  while  I  nltcred  tlie  seutencei  *  Do  you 


^.  &0, 


imderstond  what  I  say?'  into  the  telephone  placed  in  the  lecture 
halL  To  my  delight  an  answer  wiis  retmTieil  through  the  in- 
strument itself,  aiticulate  sounda  pro€eede<l  from  the  steel  spring 
attaclied  to  the  membrane,  and  I  heard  the  seuteiice,  *^  Yes,  I 
understand  you  perfectly."     It  is  a  mistake,  however,  to  suppo;^ 


that  the  articulation  was  by  any  means  perfect^  and  expectancy 
no  doubt  had  a  great  deal  to  do  with  my  recognition  of  the 
sentence ;  still,  the  articulation  was  tlieiT,  and  I  recognized  the 
fact  that  the  indistinctness  was  entirely  due  to  the  imperfection 
of  the  instrimient     I  will  not  trouble  you  by  defciiling  the 

49,  which  he  here  tLckriowlcdgen  would  not  work,  and  it  was  not  unlH  nfter  he  Hsd 
«abBtitxited  the  lipjmratUB  «hown  in  Mr»  Gruy's  caveat  in  pliioe  of  it,  that  ho  was 
enahlod  to  pucocsaivily  accompliRb  the  jgrtrnd  object  of  reproducin|f  aniculate 
epettch  at  n  di^umoe.    See  note,  psgo  7i$. — G.  B.  P. 
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various  stages  througli  which  the  apparatus  passed,  but  shall 
merely  say  that  after  a  time  I  produced  the  form  of  instrument 
shown  in  fig.  51,  which  served  very  w^ell  as  a  receiving  tele- 
phone. In  this  condition  my  invention  was  exhibited  at  .the 
Centennial  Exhibition  m  Philadelphia.  The  telephone  shown  in 
fig.  50  was  used  as  a  transmitting  instrument,  and  that  in  fig.  51 
as  a  receiver,  so  that  vocal  communication  was  only  established 
in  one  direction. 

Another  form  of  transmitting  telephone  exhibited  in  Phila- 
delphia, intended  for  use  with  the  receiving  telephone  (fig.  51), 
is  represented  by  fig.  52. 

A  platinum  wire  attached  to  a  stretched  membrane  completed 
a  voltaic  circuit  by  dipping  into  water.  ^     Upon  speaking  to  the 


Fig.b2. 

membrane  articulate  sounds  proceeded  from  the  telephone  in  the 
distant  room.  The  sounds  produced  by  the  telephone  became 
louder  when  dilute  sulphuric  acid,  or  a  saturated  solution  of  salty 
was  substituted  for  the  water.  Audible  effects  were  also  pro- 
duced by  the  vibration  of  plumbago  in  mercury,  in  a  solution 

*  From  the  reading  of  the  text  it  might  be  eironeouKly  inferred  that  the  apparatus 
shown  in  figure  52  was  invented  by  Professor  Bell,  and  exhibited  by  him  at  the 
Centennial  Exlubition.  Professor  Bell  neither  invented  nor  exhibited  it.  The 
above  figure  represents  the  transmitting  portion  of  Elisha  Gray's  original  Speaking 
Telephone — the  first  articulating  telephone  ever  invented.  The  complete  apparatus 
is  shown  in  figure  6,  page  15.  Mr.  Gray  experimented  with  his  telephone  at  the- 
Centennial  Exhibition  at  Philadelphia  m  1876,  and  showed  it  to  some  of  his  friend^, 
among  others  to  Professor  Barker,  of  the  Umversity  of  Pennsylvania,  but  did  nut 
exhibit  it  to  the  Judges.— G.  B.  P. 
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of  bichmmnte  nf  potash,  in  salt  nnd  water",  in  djlut43  sulphuric 
acid,  aud  iii  pm*e  \;at€r. 

The  articulation  prodnoecl  from  the  instrument  shown  in  fig. 
61  was  reraarkably  distinct  hut  its  great  defect  consisted  in  the 
fact  that  it  oould  not  V>e  used  m  a  tran^iiiittii)g  instrument  and 
thus  two  telephones  were  requireii  at  eiich  .  tation,  one  fur  trans- 
mitting and  one  for  receiving  jpoken  messages. 

It  was  detemiined  to  vary  \he  construction  of  the  telephone 
shown  in  tig.  50,  and  I  ought^  by  changing  the  size  and  tension 
of  the  membrane,  the  rliameter  and  thickness  of  the  steel  spring, 
the  size  and  power  of  the  magnet,  and  the  coils  of  hisnlat^xl  wire 
around  theii  ix>les,  t^o  liscover  empirically-  the  exact  effect  of 
each  element  ni  the  comjJ-iation,  and  thus  to  deduce  a  more  per- 
fect form  of  apparatus*     .>  Nm  iormd  that  a  marked  increase  in 
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Fig,  5v. 

the  loudness  of  the  sounds  resulted  from  shortening  the  length 
of  the  coils  of  wire,  and  bj-  enlarging  tlio  irou  diaphragm  which 
was  glued  to  the  meinbiTina  In  the  latter  case,  a/so,  the  dis- 
tinctness of  the  articulation  was  improved  Finally,  the  mem* 
brane  of  goltl  beaters*  skin  was  discarded,  entirely,  anu  a  simple 
lion  plate  was  used  instead,  and  at  once  mteiligible  articulation 
was  obtained  The  new  form  of  instrument  is  that  rhown  in 
fig,  53.  and»  i\s  luid  been  long  anticipated,  it  Wiis  proved  that  the 
only  iiae  of  the  battery  was  to  magnetize  the  iron  core  of  the 
magnet,  for  the  effects  were  equally  audible  when  the  battery 
was  oruitte^l  and  a  nxl  ol  maguetixed  steel  substituted  for  the 
iron  con?  of  the  magnet 
It  was  my  ongiual  intention,  as  shown  in  iig.  45,  and  it  was 
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always  claimed  by  me,  that  the  final  form  of  telephone  would 
operateii  by  perniuuent  magnets  in  i>laee  uf  butteries,  aud 
Mimercms  expemienta  had  been  i/LiiTied  on  by  Mr,  Watson  and 
lyself  i)rivately  for  the  pupose  of  pfLxlucing  thia  effect 
At  the  time  the  itistnmient-s  were  fii-st  exhibited  in  public  the 
suit**  obtaine<l  with  peraianent  magnets  were  not  nearly  ftci 
triking  as  when  a  voltaic  battery  wjia  employ ed,  wherefore  we 
ought  it  best  to  exhibit  only  the  latter  form  of  instrnment 
The  interest  excited  by  the  first  i>ublislied  accounts  of  the 
Opemtion  of  the  telephone  le<l  many  pei-sons  to  investigate  the 
subject,  and  I  doubt  not  tlmt  nuniljcrs  of  experimenters  have 
idependently  discovci-cd  that  permanent  niagiiet^^  might  be  em- 
^%lnved  instead  of  voltaic  batteries.  Indecxl,  i»ne  gentleman, 
Professor  Dolbcar,  vl  Tuits  College,  mxt  only  claims  to   Jiavo 


Mg,  54. 

iisoovered  the  magneto-electrit!  telephone,  but,    I   nnderstandj 
Liaises  me  with  having  obtained  the  idea  from  liirn  thi'ough  the 
^medium  of  a  mutual  finend, 

A  still  mom  powerful  form  of  appamtns  was  constructed  by 
sing  a  }x>werful  compound  hoi'se  shoe  magnet  in  place  of  the 
Slight  rod  which  hnd  been  previously  used  (see  fig.  54).  In* 
tleed,  the  sounds  produced  by  mcaua  of  tliis  instrument  were  of 
Scient  loudness  to  bo  faintly  audible  to  a  lai'ge  audience,  and 
this  condition  the  instrument  was  cxlubited  in  the  Essex  Tn- 
titute,  in  Salem,  Massachusetts?,  on  the  12th  Febrnaryj  1877,  on 
rhich  occasion  a  short  speech  shouted  into  a  similar  telephone 
h  Boston,  sLxtcen  miles  away,  was  hetird  by  the  audience  in 
lem.  The  tones  uf  tlie  speakers  vuicc  were  distinctly  audible 
an  audience  of  six  hundred  people,  but  the  articulation  was 


76 


THE  SPEAKING   TKLEPHOKE, 


only  distinct  at  a  distfince  of  about  six  feet  On  tlie  same  occa- 
sion^ alHf>^  a  Import  of  tlie  lecture  w^us  tmn^mitted  by  wunl  of 
mouth  fK»ni  Salem  tu  Boston^  uud  publisiied  lu  the  papers  the 
next  morning, 

Froin  the  fomi  of  telephone  shown  in  fig.  63  to  the  pi'esent 
fonn  of  the  instrument  (lig.  55}  is  but  a  step.  It  is,  in  fact,  the 
an'-angement  of  fig.  53  in  n  portable  fonn,  the  magnet  F  H  Ijeiiig 
placed  ingido  the  handle  and  a  more  convenient  form  nf  mouth- 
piece  ju'ovideA  The  arrangement  of  these  instruments  upon  a . 
telegriTiphic  circuit  is  shown  in  fig.  56. 

And  here  I  wish  to  express  my  in«lehtedness  to  several  scien- 
tilic  friends  in  Americ^t  for  their  euoperation  and  assistanee.  I 
would  si>ecial]y  mention  Professor  Peiree  ami  Professor  Blake, 
ot  Bix)wn  University,  Dr.  Chanuing,  Mr.  Clarke  and  Mr.  Jones. 
In  Prondenee,  Hhodc  Islanfl,  tliese  gentleman  hiive  l)een  earr}'- 
ing  on  togetlier  exjx'rirnents  seeking  to  pei'h'et  tlie  foixn  of  ap- 
paratus required,  and  I  am  happy  to  record  the  fact  that  they 
comniunicate(i  to  me  each  new  discovery  as  it  was  made,  and 
every  new  step  in  their  inveetigatitniA  It  was^  of  course,  almost 
inevitable  that  these  gentlemen  slioidd  retrace  much  of  the  ground 
that  had  l>een  gone  tn'cr  by  me,  auil  stj  it  haB  hap]>ened  that 
many  oi  their  discoveries  had  bi'en  anticipated  by  my  owm  iv- 
seaixihes ;  still,  the  very  honomble  way  in  which  they,  from  time 
to  time,  plac<^l  l:)efore  me  tbe  results  of  their  discoveries,  entitles 
them  to  my  warmest  thanks  and  to  my  highest  esteem.  It  was 
always  my  belief  tliat  a  certaui  ratio  would  be  found  between 
the  several  parts  of  a  teleph*  )ne,  and  that  the  size  of  the  instru- 
ment waji  inunaterial ;  but  Prrjfesscu*  Peirce  was  tlie  fii'st  to  de- 
monstrate the  extreme  sniallness  of  the  magnets  which  might  W 
employed.  And  heiv,  in  order  to  show  the  parallel  lines  m 
which  we  were  working,  I  may  mention  the  fact  that  two  or 
three  days  after  I  hiid  eonstraeted  a  telephone  of  the  portable 
form  (lig.  55),  eontiiuiing  the  magnet  inside  the  handle,  Dr. 
Channing  was  kind  enough  to  send  me  a  pair  of  tele{>lnuies  i>f 
a  similar  pattern,  which  had  been  mventefl  by  the  Provitleiiee 
experimenteis.     The  convenient  form  ot  mouthpiece  shown,  in 
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fig.  55»  now  Jidopted  by  me,  was  invented  solely  by  my  fi*iend^ 
Professor  Peirca  I  must  also  express  my  obligations  to  myi 
friend  and  associate,  Mr.  Thomas  A.  Watson,  of  Salem^  Massa- 
chusetts who  has  for  two  years  i)ast  given  me  his  personal  assist- 
ance in  carrying.on  my  researches. 

In  pursuing  my  investigations  I  have  ever  had  one  end  in 
inew^the  practiad  improvement  of  electric  telegmphy — but  I 
have  come  across  man j'facta  which,  while  having  no  direct  bear- 
ing upon  the  subject  of  telegraphy^  may  yet  possess  an  interest 
for  you.  1 

For  instance,  I  have  found  that  a  musical  tone  proceeds  from 
a  piece  of  plumbago  or  retnrt  carbon  when  an  intermittent  cur- 
i^nt  of  electricity  is  passed  through  it,  and  I  ha\^e  observed  the 
most  curious  audil>le  effects  produced  by  the  passage  of  reversed 
littent  currents  through  the  Ituman  body.     A  rheotome 
placed  in  circuit  with  the  primary  wires  of  an  induction  coil, 
and  the  fine  wires  were  connected  with  two  strips  of  brasa    One 
of  these  strips  was  held  closely  against  the  ear,  and  a  loud  sound 
^proceedc<l  from  it  whenever  the  other  slip  was  touched  with  the 
^B  other  hand.     The  strips  of  brass  were  next  held  one  in  each 
hand-     The  induced  eun-cnts  occasioned  a  muscular  tremor  in 
^  tb©  fingers.      Upon  placing  my  forefinger  to  my  ear  a  loud 
y  crackling  noise  was  audible,  seemingly  proceeding  from  the  fin- 
ger itsell     A  friend  who  was  present  placed  my  finger  to  his 
ear,  but  heard  nothing.     I  requested  him  to  hold  the  strips  him- 
selt     He  was  then  distinctly  conscious  of  a  noise  (which  I  was 
unable  to  perceive)  proceeding  fn>m  his  linger.     In  thiB  case  a 
portion  of  the  induced  currents  passe<i  through  the  head  of  the 
IT     observer  when  he  placed  his  ear  against  his  own  Jinger,  and  it 
Bis  possible  that  the  sound  was  occasioned  by  a  vibmtion  of  the 
u    surfaces  of  the  ear  and  finger  in  contact 

»When  two  persons  receive  a  shock  from  a  EuhmkorflTs  coil  by 
clasping  hands,  each  taking  hold  of  one  wire  of  the  coil  with 
the  free  hand,  a  sound  proceeds  from  the  dasped  lianda    The 
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effect  m  not  produceil  wben  thu  hands  tu-e  moisU  When 
eitlier  of  the  two  touches  the  bxly  of  the  other  a  loud  sound 
comoa  from  the  parts  in  contact  When  the  ami  of  oni  h 
placed  against  the  arm  of  the  other,  the  noise  produced  can  Ijc 
heard  at  a  distance  of  several  feet  In  all  thpse  cases  a  slight 
shock  is  experienced  so  long  i\s  the  contact  is  pi-eserveA  The 
intro<luctioa  of  a  piece  of  p:tpcr  between  the  parts  in  contact 
does  not  materially  interfere  w^th  the  pVxluction  of  the  sound%j 
but  the  unpleasant  effects  of  the  shrx-k  arc  avoide^i 

When  an  iutemiittent  current  froni  a  KuhiukoriTs  coil  is 
passed  through  the  arms  a  nnLsical  note  can  be  perceiveil 
when  the  ear  is  closely  applied  to  the  arm  of  the  person  experi- 
mented upc»n.  The  sound  seems  to  proceed  from  the  muscles  of 
the  fore-arm  and  from  the  biceps  muscle.     Mr.  Elisha  Gmyi  has 


Dg.  55. 

also  produced   audible   effects    by   the   passage   of    electi-icity 
thn_>ugh  the  human  body. 

An  extremely  loud  music^il  note  is  occasioned  by  the  spark  of 
a  Buhinkoiffs  coil  ^vhen  the  primary  circuit  is  made  and  broken 
with  sufficient  rapidity.  When  two  rhcotomes  of  diffei-ent  pilch 
am  caused  simultaneously  to  open  and  close  the  primary  circuit 
a  double  tone  proceeils  from  the  spai*k 

A  curious  disiiovery,  which  may  be  of  interest  tf*  yon^  ha»l 
been  made  by  Professor  Blake.     He  constructed  a  telephone  in. 
which  a  nxl  of  Sfjft  iron,  alniut  six  feet  in  length,  was  useil 
instead  of  a  permanent  magnet.     A  friend  sang  a  continuous 
musical  tone  into  tlie  mouthpie<:;e  of  a  telephone,  like  that  shown 
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in  fig.  55,  which  was  connecte<i  with  the  soft  iron  instrument 
alluded  to  above.     It  was  found  that  the  loudness  of  the  sound 
produced  in  this  telephmie  Taried  with  the  direction  in  which 
the  iron  ro<;l  was  held,  and  that  tlie  maximum  effect  was  pro- 
duced when  the  rod  was  in  the  position  of  the  dipping  needle. 
This  curious  discovery  of  Pn:^fessor  Blake  has  been  verified  by 
myself. 
H     When  a  telephone  is  placed  in  circuit  with  a  telegraph  line 
^Blflie  t^'lephone  is  found  seemingly  to  emit  sounds  on  iis  own 
^Mccoant     The  most  extraordinary  noises  are  often  produced,  the 
Bcauses  of    which  are  at  present  very  obscure.      One  class  of 
R)unds  \B  piT>duced  by  the  inductive  influence  of  neighVjoring 
wires  and  by  leakage    from  them,  the   signals  of   the  Mouse 
iJphabet  passing  over  neighboring  wires  being  audible  in  the 
ItatelephoneT  and  another  class  can  be  traced  to  earth  currents  upon 
|™khe  wire,  a  curious  modification  of  this  sound  revealing  the 
pj'esence  of  defective  joints  in  the  wire, 

Professcir  Blake  infomis  me  that  he  has  been  able  to  use  the 
railroad  track  for  conversatioQal  purposes  in  place  of  a  tele- 
graph wire,  and  he  further  stiites  that  when  only  one  telephone 
I  was  connected  with  the  track  the  sounds  of  Moi'se  oi>erating 
■were  distinctly  audible  in  the  telephone,  although  tlie  nearest 
telegraph  wires  were  at  least  forty  feet  distiint 
Professor  Peirce  has  ol>serv^e<l  the  most  curious  sounds  pro- 
duced from  a  telephone  in  connection  with  a  telegiiiph  wire 
SdiiriDg  the  aurom  boivalis,  ami  I  have  just  heanl  of  a  curious 
phenomenon  lately  obser\'ed  by  Dn  Channing,     In  the  city  of 
^jProvidence,  Bhode  Island^  there  is  an  overhouse  wii-e  about  one 
^nnile  in  extent  with  a  telephone  at  either  entl.     On  one  occasion 
the  sound  of  music  and  singing  was  faintly  audilde  in  one  of 
the  tx'lephoncs.     It  seemeil  as  if  s^Jine  one  was  pmcticijig  vocal 
^^nusic  with  a  pianoforte  accompaniment     The  natural  supposi- 
^Bion  was  that  experiments  w^ere  being  made  with  the  telephone 
^Bit  the  other  end  of  the  circuit,  but  ii|x:^n  inquiry  this  proveil  iir^t 
l^^ko  have  been  the  case.     Attention  having  thus  been  directed  to 
the  phenomenon,  a  watch  was  kept  upon  the  instruments,  and 
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Upon  a  s\iliseqiient  occasion  the  same  fact  was  observed  at  both 
ends  of  tlie  line  }>y  Dn  Chaniiing  and  lii;^  friends.  It  was  proved 
that  the  souncls  continued  for  about  two  houi*s,  and  usually  com* 
mcnced  about  the  same  tima  A  searching  examination  of  the 
line  di^sclosed  nothing  abnormal  in  its  condition,  and  I  am 
unable  to  give  you  any  explanation  of  this  curious  pheuomenoiL 
Dr  CliannLiig  has,  however,  addressed  a  letter  upon  the  subject 
to  tlie  editor  of  one  of  the  Providence  papers^  giving  the  names 
of  such  8oug8  aa  were  i-eoognized,  with  full  details  of  the  obser- 
vations, in  the  hope  that  publicity  may  lead  to  the  discovery  of 
the  performer^  and  thus  alloiti  a  solution  of  the  mystery. 

My  friend  Mr.  Frederick  A.  Gower  communicated  to  me  a 
curious  obHtUTation  nMde  by  him  regarding  the  shght  earth  con* 
nection  i*equired  to  establish  a  circuit  for  the  telephone,  and 
together  we  carried  on  a  series  of  experiments  with  rather  start* 
ling  results  We  took  a  couple  of  telephones  and  an  insulated 
wire  about  100  yards  in  length  into  a  garden,  and  were  enabled 
to  i^any  on  coovei-sation  with  the  greatest  ease  when  we  held  in 
our  hands  what  should  have  been  the  earth  wire,  so  that  the  con- 
nection with  the  ground  was  formed  at  either  end  tlirough  our 
bodies,  our  feet  being  clothe  with  cotton  soc^ks  and  leather 
btxits.  The  day  was  fine,  and  the  grass  upon  which  we  stood 
ynis  seemingly  perfectly  dry.  Upon  standing  upon  a  gravel 
walk  the  vocal  sounds,  though  much  diminished,  were  still  per- 
fectly intelhgible,  and  the  same  result  occurixxi  when  standing 
upon  a  lirick  wall  one  foot  in  height,  but  no  sound  was  audible 
when  one  ol  us  stood  upon  a  block  of  freestone. 

One  experiment  which  we  made  is  so  very  interesting  that  1 
iniLst  speak  of  it  in  detail.  Mn  Gower  made  earth  connection 
at  his  end  of  the  line  by  standing  upon  a  gi'ass  plot,  whilst  at 
the  other  end  of  the  line  I  stood  upon  a  wooden  board  I  re- 
c[uested  Mn  Gower  to  sing  a  continuous  musical  note,  and  to 
my  sm*prise  the  sound  was  veiy  distinctly  audible  from  the  tele- 
phone in  ray  hand  Upon  examining  my  feet  I  discovered  that 
a  siogle  blade  of  grass  was  bent  over  the  edge  of  the  board,  and 
that  my  foot  touched  it     The  removal  of  this  blade  of  grassj 
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ras  followed  by  the  cessation  of  the  sound  from  the  t>eleplione, 
id  I  found  that  the  moment  I  touched  with  the  toe  of  my 
a  blade  of  gras?i  or  the  petal  of  a  daisy  the  sound  wbs 
lain  audible. 

The  question  will  natundly  arise,  Through  what  length  of 
'"wiwe  can  the  telephone  be  used?  In  reply  to  this  I  uui y  say 
that  the  maximum  amount  of  I'csisUuice  thrcnigh  whicli  the  uu- 
lulatory  current  will  pass,  and  yet  retain  sufficient  force  to  pro- 
luce  an  audible  sound  at  the  distant  end,  lias  yet  to  be  deter- 
ined;  no  tlifficulty,  has,  however,  been  exprienceti  in  labom- 
?ry  experiment'^  in  conYcrsing  through  a  resisUince  ot  60,000 
Dlims,  which  has  been  the  maximum  at  my  diri]>05ah  On  one 
[ision,  not  lia\nng  a  rheostat  at  hand,  I  may  mention  ha\Hng 
the  current  thn.iugh  the  Ixxlies  of  sixteen  persons,  who 
tood  hand  in  liand.  The  longest  length  of  real  telegraph  line 
jugli  which  I  ha\^i'  attempted  to  i'onvei*se  has  been  about  250 
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lilcs.     On  this  occai^ion  no  difficulty  was  experienced  so  long 

pamllel  lines  were  not  in  o] aeration.     Sunday  was  chosen  as 

be  day  on  which  it  was  ] probable  other  circuits  would  be  at 

sL      Convei'sation  was   carried  on  between  myself,  in  New 

Tork,  and  Mr.  Thomas  A.  Watson,  in  Boston,  until  the  opening 

[>f  business  upon  the  other  wires.  When  this  happened  the  vocal 

:)und8  were  very  much  diminished,  but  still  audibla    It  seemed, 

ideed,  like  talking  through  a  storm.    Convei'sation,  though  pos- 

ible^  could  be  earned  on  with  tlifticuity,  owing  to  the  distracting 

ttature  of  the  interfering  ciurents. 

I  am  informed  by  my  friend  Mn  Preece  that  conversation  has 

?n  successfully  carried  on  through  a  submuriiie  cable,  sixty 

Ics  in  length,  extending  from  Daitmouth  to   the  Island  of 
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Guernsey,  by  means  of  hand  telephones  similar  to  that  shown 
in  fig.  56/* 

At  the  conclusion  of  the  lecture  comphmentary  i-emarks  were 
made  by  the  President  and  various  other  members  who  were 
present,  and  a  cordial  vote  of  thanks  was  extended  to  Pmfessor 
Bell  for  his  very  philosophical  and  enteitaiuing  disctjurse.  We 
reproduce  a  portion  of  the  remarks  made  by  Mr.  Preece  : 

'^  While  on  the  one  pi\rt  Prnfessor  Bell  hns  placed  in  our 
hands,  to  a  certain  extent,  a  new  i:K:>werj  he  has,  on  the  other 
hand,  thi*own  upon  our  shouldei-s  an  extm  weight  The  poor 
telegraph  engineer  has  now  U:>  master  maiiy  sciences.  Not  only 
must  he  know  something  of  electricity  and  magnetism — not  only 
must  he  know  a  good  deal  of  eiiemistry^not  only  must  he  pass 
through  various  stages  of  mathemntical  knowledge^  but  now, 
thanks  to  Professor  Bell,  he  is  obliged  to  be  master  of  the  in- 
tricacies of  acoustics  I  do  not  blame  him,  because  the  study 
of  sound  is  iu  itself  a  beautiful  occupation,  and  when  it  becomes 
linked  to  one^s  profession  it  becomes  almost  a  luxury. 

Professor  Bell  alluded  Uj  the  fact  that  expectiincy  led  him  in 
his  first  telephone  to  anticipate  what  was  said  I  will  give  you 
an  illustration  of  the  elFect  of  exi>ectancy.  It  was  my  pleasure, 
on  a  recent  occasion,  to  exhibit  the  telephone  before  a  very  large 
aiidienca  Many  leiimed  men  were  present  There  is  one  very 
remarkable  feature  o£  a  learne<:l  meeting.  When  you  call  ujxin 
a  leameil  member  to  make  a  learned  remark  he  frequently 
makes  a  foolish  one.  Now,  I  selected  one  of  the  leading  scien- 
tific men  of  the  day,  and  i»laced  the  telephone  in  his  hand.  It 
was  in  connection  with  a  similar  instmment  fifty-five  miles 
away.  Of  course  we  expected  to  hea.r  from  him  some  leanie<i 
axiom,  some  sage  aphorism  or  some  wonderful  statement ;  but, 
after  some  hesitation,  he  said :  '  Hey  diddle  diddle — follow 
that  u].\^  He  rapidly  i>ut  tlie  telephone  up  t<j  his  eiir  and  an- 
nounced with  much  glee,  '  He  says,  cat  and  the  tiddle.'  Fifty 
miles  off  my  assistant  was  answering  the  question.  I  asked  him 
next  day  if  he  undei*stood  'Hey  diddle  diddle,'  He  said  *No/ 
*  What  did  you  say  ?'     *  I  asketl  him  to  i^e^jeat  T  '' 
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^  Of  all  modern  inventions  connected  witli  the  transmission  of 
telegraphic  signals,  the  telephone,  devised  bj  Mr,  Alexander 
I  Graham  Bell,  has  exctted  the  most  widespread  interest  and  won- 
der    Wherever  Mr,  Bell  has  appeared  before  the  public  to  give 
an  account  of  his  invention  and  the  researches  which  have  led 
liip  to  it,  crowds  have  assembled  to  hear  him.     Nor  is  this 
stooishing;   for  the  telephone  professes  not  only  to  convey 
Kntelligible  signals  to  great  distances  without  the  use  of  a  bat- 
Itery,  but  to  transmit  in  fac-siraile  the  tones  of  tlie  human  voice, 
I  that  a  voice  shall  be  as  certainly  recognized  when  heard  over 
la  distance  of  a  few  hundreds  of  miles  as  if  its  owner  were  speak- 
fig  in  the  room  by  our  side.     And  the  telephone  does  not  fall 
of  its  profession*    Scientific  men  liave  had  their  wonder 
ctmosity  aroused  even  more  than  the  unscientific  public, 
nnce  a  scientific  man  appreciates  the  enormous  difficulties  to  be 
overcome  before  such  an  in.strument  can  be  realized     Had  any 
hardy  speculator  a  few  years  ago  proposed  a  telephone  which 
should  act  on  the  principle,  and  be  constructed  in  the  form,  of 
Mr.  Bell's  instrument^  he  would  probably  have  been  considered 
lunatic*    The  effects  are  so  marvellous ;  the  exciting  causes  at 
st  sight  so  entirely  inmlequate  to  produce  them.     For  a  tele* 
bhonic  message  differs  as  widely  from  an  ordinary  telegraphic 
as  a  highly  finished  oil  painting  diffei-s  from  a  page  of 
In  the  one  you  have  only  white  and  black— black  snn- 
ols  on  a  white  groiuid^ — the  symbols  being  limited  in  nimiber, 
ad  recurring  again  and  again  with  mere  differences  of  order. 
The  painting,  on  the  other  hand,  discloses  every  variety  of  color 
ad  arrangement     No  sharp  lines  of  discontinuity  offend  the 
;  on  the  contrary,  the  tints  shade  off  gradually  and  softly 


^  From  the  Wtdmirvder  Jietifte. 


*  See  fiain(;'ti  prcdictiou,  iingu  47 
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into  eacli  other,  presenting  tone  and  depth  in  endless  variety. 
The  page  of  print  is  nnintelHgible  without  the  aid  of  a  key ;  the 
painting  tells  its  story  plainlv'  enough  to  any  one  who  has  ejea 
to  sec. 

Let  US  incpiire  for  a  moment  what  is  the  nature  of  the  appar- 
atus whirh  we  have  V^cen  Ui^ing  for  the  last  thirty  or  forty  years 
for  the  transmission  of  telegraphie  signals.  The  instruments 
chiefly  eniployerl  have  been  the  single  needle  telegraph  and  the 
iIoii5e  instrument.  Iii  t!ie  former  a  eoil  of  wire  surrounds  a 
magneti;5ed  needle,  which  is  suspended  in  a  vertical  position- 
When  an  electritral  etuTent  passes  through  the  coil,  the  needle  is 
deflecteil  to  right  or  left^  according  t*^  the  direction  of  the  cur- 
rent. The  sender,  by  means  of  a  handle,  can  passs  either  positive 
or  negative  cun-ents  into  the  circuit  The  right  and  left  deflec- 
tions of  the  neetlle  are  coml>ine<l  in  various  w^ays  to  form  the 
letters  of  the  alphabet,  and  the  letters  form  wonla  Thus,  at  g 
the  seniling  station  a  message  is  bi-oken  up  into  little  bit^  each  ^H 
l>it  or  part  of  a  bit  tmnsmitt^i'd  separately^  and  the  process  of  ^ 
l>uilding  these  up  again  performed  at  the  receiving  station. 
Some  of  the  letters  of  the  alphabet  are  indicated  by  a  single 
movement  of  the  needle,  that  is,  by  a  single  current ;  for  otiiers, 
as  many  as  i*>ur  are  required. 

In  the  Moi*se  instrument  (mly  one  current  is  utilized,  which 
may  be  either  positive  or  negative,  and  the  reijuisite  variety 
is  olitained  by  allowing  the  current  to  pass  through  t!ie  cir- 
c«iit  for  a  longer  or  shorter  interval.  The  essential  part 
of  the  instrument  consists  of  an  electro-magnet  witli  an  iron 
armature  attached  to  one  end  of  a  lever.  At  the  other  end 
of  the  lever  is  a  pointer  or  jiencil,  and  a  paper  riblx)ii  moves  at 
a  constant  rate  in  fnait  of  the  end  of  tlie  pointer.  When  the 
coils  of  the  electra-magnet  are  tmversed  by  a  current,  the  iron 
armature  is  attracted,  and  the  pointer  comes  in  contact  with  the 
paper  ribbon,  on  which  it  makes  a  mark,  long  or  shoit,  according 
t(3  the  duration  of  the  cuiTCot  Thus  are  produced  the  dots  and 
dashes.  These  are  combined  in  a  similar  way  to  the  right  and 
left  movements  of  the  needle  in  the  needle  instrument     In  some 
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of  the  more  refmecl  instruments  letters  are  indicated  unil  even 
printed  directly  at  tlie  receiviiig  station.  This  i^  of  coui^  a 
great  siinpliiicatiou  ;  but  with  such  armngements  we  cannot  liave 
mort^  than  this.  The  page  of  print  repres^ents  tlie  limit  of  what 
guch  instruments  and  methods  can  do  for  us.  It  is  true  that  a 
skilled  operator  with  the  Morse  instiniment  can  interpret  the  eig- 
mils  as  tliey  arrive  without  lo<_)king  at  tlie  marks  on  the  jmper, 
simplj  by  using  his  ears.  Eveiy  time  the  circuit  is  made  or 
brc^lcen  a  click  is  heanl,  and  long  practice  has  tituglit  him  tc>  rely 
on  the  evidence  of  hh  eav8  witlTas  much  conJidenre  a,^  one  less 
accustomed  to  the  work  would  trust  his  eyes.  Nevertheless,  he 
hears  only  a  successif>n  of  ^-lieks,  which  must  be  inter|)reted 
befoTO  they  become  intelligible  to  any  one  but  himself. 

In  these  forms  of  appamtus,  it  will  be  observed,  the  currents 
are  intc^rraittent;  yach  current^  circidating  through  the  coil,  is 
followed  by  an  interv^al  of  rest  They  begin  and  end  abruptly, 
and  all  perfonu  the  same  kind  of  work;  that  is,  they  deflect  a 
needle,  or  produce  marks  on  a  jiiece  of  paper.  Telephonic  cur- 
rents, on  the  otiier  hand,  rise  and  fall,  ebb  and  flow,  change  in 
intensity  within  comparatively  wide  limits,  but  pre^serve  then' 
continuity  so  long  as  continuous  sounds  are  being  uttei'ed  in  the 
neigh lx)rhood  of  the  telephone.  They  are  etdled  undulatory 
currents,  to  distinguisli  them  from  the  intermittent  euiTents  of 
the  ordinary  telegraphic  apparatus ;  and  their  peculiar  chai'acter 
is  an  essential  feature  of  the  telephona 

No  skill  or  training  is  required  for  the  efleetive  use  of  the 
telcphona  The  operator  has  merely  to  pi-ess  the  instrument  to 
bis  ear  to  hear  distinctly  every  sound  tmusmitted  frrjm  the  dis- 
tant end  For  this,  it  is  ti'ue,  an  effort  of  attention  is  required, 
and  some  persons  use  the  insti^ument  at  the  first  trial  with  more 
success  than  others.  Individuals  dUIer  in  tlte  facility  with  which 
tbey  are  able  to  concentrate  their  attention  on  one  ear,  so  as  to 
be  practically  insensible  to  what  goes  on  around  them.  But  this 
babit  of  attention  is  readily  aeqiured,  and  when  it  is  once 
acquired  tlie  telephone  may  be  u.sed  by  any  one  who  has  ears 
to  bear  and  a  tongue  to  speak.     In  sending  a  message,  the  instru- 
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ment  is  lield  about  un  iueli  in  front  of  the  mouthy  and  the  sender 
merely  talks  into  the  mouthpiece  in  his  ordinary,  nattiral  man* 
new  The  words  are  repeated  by  the  instnunent  at  the  other  end 
of  the  circuit  with  tlie  same  pitch,  the  same  cadences,  and  the 
Rame  relative  loudness.  But  what  strikes  one  the  most  is  that 
the  character  of  the  speaker's  voice  is  faithfully  preserved  and 
reproduced.  Thus  one  voice  is  readily  distinguished  fmm 
another.  No  peculiarity  of  inflection  is  lost  Nor  is  this 
result  effected  over  short  distances  only.  No  doubt  a  sen- 
tence will  be  heard  with  diminishing  distinctness  as  it  comes 
over  an  increasing  distance.  In  this  country  experiments  have 
not  yet  been  made,  so  far  as  we  know,  over  very  long  dis- 
tances; but  Mr,  Bell  states  that  he  carried  on  a  conversation 
without  any  difficulty  In'tween  Boston  and  New  York^  two  hun- 
ched and  fifty-eight  miles  apart,  through  an*  ordinary  telegraph 
wira  A  man's  breathing  wa^  distinctly  heard  one  hundred  and 
forty-nine  miles  away.  At  the  Newport  torpedo  station,  in 
Ehode  IsUnd,  speaking  was  canied  on  through  a  line  including 
five  miles  of  submerged  cable  and  an  equal  length  of  land  wire. 
Resistance  colls  were  added  two  thousand  ohms  at  a  time,  until 
twelve  thousand  ohms  were  introduced  into  the  circuit,  without 
interfering  with  the  transmission  of  speech.  The  importance  of 
this  test  will  be  undei-stood  when  it  is  remembered  that  the  re- 
sistance of  the  Atlantic  cable  is  equal  to  seven  thousand  ohms 
only.  ^  Tlie  exi-icrimcnts  at  Newpoit  were  continued  by  the  addi* 
tion  of  a  total  resistance  of  thirty  thousand  ohms,  but  beyond 
twelve  thousand  ohms,  the  sound  was  found  to  diminish  in  inten- 
sity. Mr.  Bell  states  tliat  the  maximum  amount  of  resistance 
through  which  the  undulating  current  will  pass,  and  yet  retain 
sufficient  force  to  produce  an  audible  sound  at  the  distant  end, 

1  It  by  no  means  foUowfi,  aa  the  writer  would  loud  u»  to  Infers  tbat  the  telephona 
can  b«  Uifod  to  tnuisniit  articuhite  speoeh  through  extended  lengths  of  mble  slmpljr 
beeauAo  it  h*is»  served  wcll|  under  very  dissiintlar  cireumstanoes^  to  communicate 
through  an  oqui  valiant  rcsbtaueo  of  artifi<?iid  Ihie.  The  laws  regnrding  the  pheoom* 
cmon  of  inductive  retardation  in  lonic^  ocean  cables,  like  tho«e  acroaa  tho  AUaatiCt 
hold  good  for  currvnls  produced  by  tht»  tclophono  aa  well  aa  for  currunta  dcrired 
Jh^m  any  othur  i»i}urcc  what^iviiT. 
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has  yet  to  be  determined.  In  the  laboratory  he  has  conversed 
through  a  resistance  of  sixty  thousand  ohms.  There  is  a  prac- 
tical difficulty  in  transmitting  telephonic  signals  through  a  tele- 
graph wire  running  parallel  to  a  number  of  other  wires  which 
are  being  used  for  ordinary  telegraphic  purposes.  Induction 
currents  are  producetl  in  the  telephone  wire,  which  greatly  inter- 
fere with  the  distinctness  of  the  sounds.  The  difficulty  is  said 
to  be  overcome  by  having  an  extra  return  wire,  instead  of  util- 
izing the  earth  for  a  part  of  the  circuit,  as  is  ordinarily  done. 
The  two  wires  arc  put  side  by  side  in  close  proximity,  and  the 
detrimenUd  effect  of  the  inductive  currents  is  thus  partially  or 
entirely  disposed  of.  The  following  extract  from  a  letter  which 
appeared  in  the  Daily  News  a  few  weeks  ago  shows  that  induc^ 
tive  action,  when  the  parallel  circuits  are  not  numerous^  doea  not 
seriously  interfere  with  tlje  transmission  of  speech; 

The  experiments  with  the  telephone  were  made  by  me  upon 
the  cable  lying  between  Dover  and  Calais,  which  is  twenty-one 
and  three-quarter  miles  long.  Several  gentlemen  and  Indies 
were  present,  and  conversed  in  French  and  English  witli  a  second 
party  in  France  for  upwards  of  two  hours.  There  wiis  not  the 
slightest  failure  during  the  w^hole  time  X  was  only  using  one 
wire.  The  other  three  (it  is  a  four  wire  cable)  were  working  di- 
rect with  London  and  Paris,  Calais  and  Lilla  I  could  distinctly 
hear  the  signals  by  the  three  wires  on  the  telephone .  and  at 
times,  when  but  one  of  the  three  wires  was  workmg,  I  could 
decipher  the  Morse  signals,  and  read  a  message  that  was  passing 
from  Glasgow  to  Pans.  Yet  when  all  the  three  wires  were 
uporking  simultaneously,  the  telephone  sounds  were  easily  and 
clearly  distinguishable  above  the  chck  of  the  signals ,  I  hap- 
pened to  know  several  of  the  party  in  France,  and  was  able  to 
recognize  their  voices.  They  also  recognized  mine,  and  told  us 
immediately  a  lady  spoke  that  it  was  a  female  voice.  When 
making  some  trials  upon  a  line  three  fourths  of  a  mile  long,  I 
arranged  a  musical  box  (the  tone^  of  which  are  very  feeble)  un- 
der the  receiver  of  an  air-pump,  the  top  of  the  receiver  being 
open.     Upon  this  opening  I  placed  the  telephone,  and  every 
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note  came  out  at  the  second  end  so  clearly  as  to  enable  those  who 
were  present  to  name  the  tune  that  was  pUiyed.  Unfortunately 
we  had  not  the  same  means  in  Fnince,  but  simply  held  the 
mouth  of  the  telephone  close  to  the  box,  and  some  of  the  notes 
were  audible^  but  not  so  perfect  as  on  the  short  line.  One  young 
lady  burst  out  laughing  the  moment  she  placed  the  instrument 
to  her  ear,  and  exclaimed,  '*Si>me  one  is  whistling,  *  Tommy, 
make  way  for  your  uncle!'"  As  my  correspondent  and  myaeU 
had  had  a  little  practice,  we  were,  without  the  slightest  difficulty, 
able  to  talk  in  our  usual  manner,  without  any  stmin  upon  the 
voice  or  any  unnatural  lengthening  of  syllables.  We  were  not 
able  to  hear  breathing,  in  consequence  of  the  continued  pecking 
caused  by  induction  from  other  wires. 
The  construction  of  the  telephone  (fig.  57)  is  remai'kably  simple. 


FXg.  57. 

It  consists  of  a  steel  cyHndrical  magnet,  about  five  inches  k 
and  three  eighths  of  an  inch  in  diameter,  encircled  at  one  ex- 
tremity by  a  short  bobbin  of  wood  or  ebonite,  on  which  is  wound  a 
quantity  of  very  fine  insuktt^d  copper  wire.  The  magnet  and 
coil  are  contained  in  a  wooden  cylindrical  case.  The  two  ends 
of  the  coil  are  soldered  to  thicker  pieces  of  copper  wire,  which 
tmveri?^  the  wooden  envelope  from  one  end  to  the  other,  and 
terminate  in  the  binding  screws  at  it3  extremity.  Immediately 
in  front  of  the  magnet  is  a  thin  circular  iron  plate,  which  is  kept 
in  its  place  by  lieing  jannned  between  the  main  portion  of  the 
wooden  case,  and  a  wooden  cap  carrj^ing  the  mouth  or  ear 
trumpet  These  two  parts  are  screwed  together.  The  latter  is 
out  away  at  the  centre,  so  as  to  expose  a  portion  of  the  iron  plate^ 
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atout  half  an  inch  in  diameter*      Li  tiie  experiments  which  Mr. 

Jell  has  carried  out  in  order  to  detennine  the  influence  of  the  vari- 
ous partes  of  the  telephone  on  the  results  prodnceti^  and  their  n?la- 

liona  to  each  other  when  the  best  etfectH  ar<3ohtaii\ed,  he  employed 
an  plates  of  various  areas  and  thicknesses,  from  boiler  plate 
iree*eighthi^  of  an  ineh  in  thickness  to  the  thinnest  plate  pro- 

C5urable,     Wonderful  to  relate,  it  appears  that  scarcely  an}*  [ilate 

is  too  thin  or  too  thick  for  the  purpose^  but  the  best  thickoess  is 
aat  of  the  ferK>type  plate  used  by  photographers,     Thin  tin 

plate  also  answers  very  well     The  iron  plate  is  cut  int*:*  the  form 

a  disk^  about  two  inches  in  diameter,  and  is  placed  as  near  as 

3ssible  to  the  extremity  of  the  steel  nuignet  without  actually 

Duching  it;   the  eUet't  of  this  position  being  that,  while  the  in- 

luced  magnetism  of  the  plate  is  considerable,  it  is  susceptible  to 

rety  mpid  changes,  owing  to  the  freedom  with  which  the  plate 
Mi  vibrate.  The  dimensions  of  the  various  parts  of  the  instru- 
aent  hei-e  given  are  found  to  be  convenient,  but  they  are  by 

no  meaiLs  essential.     Good  results  have  been  obtained  by  means 
l_of  a  magnet  unly  an  inch  and  a  half  long,  and  a  working  instru- 
ment ne^^d  not  be  too  lai'ge  for  tlie  waistcoat  pocket     Then.!  is  no 
ierencc  between  the  tmnsmitting  and  the  receiving  telephone; 
ach  instrument  serves  Imth  puqwjses.     Nevertheless,  in  oirler  to 

ivoid  the  inconvenience  of  shifting  the  instrument  backwanls 
ad  forwaixls  between  the  ear  and  the  mouth,  it  is  lietter  to  have 
vo  on  the  circuit  at  each  station.  The  operator  then  liolds  one 
ermanently  to  his  ear,  while  he  talks  witli  the  other. 
It  will  not  1k3  supposed  that  the  idea  of  this  marvellously 
iple  piece  ot  apparatus  was  evolved  ready  formed  (roni  the 
iventor  s  bmin :  very  far  otherwise.  It  is  the  final  outconie  of  a 
Dug  series  of  patient  researches  carried  out  by  Mr.  Bell  in  the 
lost  skilful  and  philosophical  manner,  in  which  one  modifiea- 

bon  suggest e<l  another,  accessory  after  accessoiy  was  diseai-ded, 

und  finally  the  instrument  was  prunetl  down  to  its  ])i*esent  form 

ind  dimensions.  Telephones  have  Ixien  long  known,  A  few 
fears  ago  a  simple  arrangement  whereby  articulate  sounds  CiUiM 
J  transmitted  over  a  distance  of  fifty  or  sixty  yards^  or  even  fm*- 
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tber,  could  l>e  bought  in  the  streets  for  a  penny.  It  consisted  of 
a  pair  of  pill  boxes,  the  Ix^ttoms  of  which  were  connected  by  a 
piece  of  string  stretched  tight,  while  over  the  mouth  of  ' 
pasted  tissue  paper.  On  speaking  to  one  of  the  pill  ^  • 
tisstiie  paper  and  enclosed  air  were  set  in  vibration.  The  vibra- 
tioDH  so  j*rciduced  were  comniunieated  to  the  thread  and  trans* 
BiittAxl  to  the  distant  pill  box,  which  was  held  close  to  the  eai', 
where  they  affected  the  air  in  such  a  way  as  to  reproduce  the 
original  sounds.  The  simple  apparatus  was  more  effective  than 
woukl  be  at  first  imagined  Electric  telephones  were  devised  in 
this  country  about  the  same  time  that  the  telegraph  was  Intro* 
duoed,  but  the  test  of  them  differed  widely  from  the  modem  in- 
strument They  were  capable  of  conveying  to  a  distance  sound*^^ 
of  various  pitch,  so  tliat  the  succession  of  notes  conatituting  v^M 
raelofly  could  be  repnxlnce^l  many  miles  away,  but  the  special 
character  (jf  the  voice  V»y  which  the  melody  was  originated  wtts 
entirely  lost  1  Now  the  gveiit  interest  which  attaches  to  Mr* 
Bells  telephone,  and  the  intense  wonder  and  curiosity  it  hiks 
amuseil,  are  due  to  its  power  of  conveying  absolutely  unaltered 
every  pecuHm-ity  of  voice  or  musical  instrument  A  violin  note 
i^eappears  as  a  violin  note ;  it  cannot  be  mistaken  for  anything 
else.  And  in  the  case  of  a  human  voice,  it  is  not  less  easy  to 
liistinguish  one  speaker  from  another  than  it  would  be  if  the 
speakers  M^ere  in  the  room  close  by  instead  of  being  miles  or 
even  luindreds  of  miles  away.  This  is  the  charm  of  the  new 
teleplione;  this  it  is  which  I'cnders  it  immeasurably  superior  to 
anything  of  the  kind  which  preceded  it 

Mr,  Bell's  researches  in  electric  telephony  began  with  the  arti 
flcial  prodiiction  of  musical  sounds,  siiggesteil  by  the  work  in 
which  he  was  then  engaged  in  Boston,  viz :  teaching  the  deaf 
and  dumb  to  s]>eak.  Deaf  mutes  arc  dumb  merely  l:»ecause 
they  are  deaf.  There  is  no  local  defect  to  prevent  utterance, 
and  Mr.  Bell  has  practically  demonstrated  by  two  thousand  of 

^  B«iiw*ft  telepliotio  wta  tho  Unt  Invontion  whicli  ootild  sooomplish  tha  ns«aH 
hore  i^tated,  and  tli'iK  wa%  invent4»d  in  Oermiuiy,  hi  I86t  l&ee  desofiptioti  of  Boi6«*» 
telephone,  [*mt,*i  !♦. 
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own  pupils  that  when  the  deaf  and  dumb  know  how  to  con- 
trol the  actioti  of  their  vocal  urgan^,  they  curi  articiiliite  with 
comparative  facihty.     Striving  to  perfect  his  system  of  leiicliing, 
it  occurred  to  Mi*,  jiell  that  if,  instead  of  presenting  to  the  eye 
of  the  deaf  mute  a  Bystern  of  synilx)ls,  he  coidd  make  visible 
the  vibrations  of  the  air,  the  apparatus  might  l>e  usetl  as  a  means 
of  teacliing  articulatioiL     In  this  jKirt  of  his  investigations  Mr. 
Bell  derived  great  iissistance  froiu  the  phonautograph.      He  sue- 
ceede<l  in  vibrating  l>y  the  voice  a  style  of  wood,  about  a  foot  in 
length,  attaehed  to  the  meuibnine  of  tlio  phonautograph ;  and 
with  this  he  obtained  enlarged  tracings  of  the  vibrations  of  the 
air,  produced  by  the  vowel  sounds,  upon  a  plane  surface  of 
smoked  glass.     Mn  Bell  ti^aced  a  similarity  between  tlie  manner 
which  this  piece  of  wood  was  yibmted  by  the  membrane 
the  phonautogi-aph  and  the  manner  in  wluch  the  ossiculae 
the  hunian  ear  were  moved   by  the   tympanic  membniDa 
rishing    to   eonstmct   an    apjmratus    closely  resembling    the 
,uraan   ear,    it  was    suggested!   to    him   by  Dr.   Clarence    J. 
lake,  a  distinguished  aurist  of   Boston,  that  the  human  ear 
If  woidd  be  still  better,  and  a  spticimen  was  pi-epaJ'cd.     Our 
ers  ai*e  aware  tliat  the  tymi^anic  membmne  of  tlie  ear  is  con- 
ted  witli  the  internal  ear  liy  a  series  of  little  bones  called  res- 
pectively the  malleus,  the  ineiLs  and  the  stapes,  from  their  pecu* 
Har  shapes,  and  that  by  their  means  the  vibrations  of  the  tympanic 
lembrane  ai'c  communicated  to  the  internal  ear  and  the  audi- 
bly nerves.     Mr,  Bell  removed  the  stapes  and  attached  to  the 
end  of  the  incus  a  style  i>f  hay  about  an  inch  in  length*     Upon 
inging  into  the  external  artilicial  ear,  tlie  style  of  hay  was  thrown 
iixt<i  vibration,  and  ti*acings  were  obtained  upon  a  plane  surface 
smoked  glass  passed  rapidly  underneath*     The  curves  so  ob- 
ned  are  of  great  interest,  eaoli  showing  peculiarities  of  its  own 
lependent  upon  the  vowel  sound  that  is  sang.     Whilst  engaged 
these  experiments  Mr.  BeO's  attention  was  arrested  l»y  obseiT- 
Lg  the  wonderful  dispro]>ortion  wliich  exists  between  the  size 
and  weight  of  the  membrane — no  thicker  than  tissue  paper — 
and  the  weight  of  the  bones  vibrated  by  it^  and  he  was  led  to 
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inquire  whether  a  thicker  membraDe  might  not  be  able  to  vibmte 
a  piece  of  iron  in  front  of  an  electrn-iniignet  The  experiment 
wa.s  at  once  tried  A  piece  of  steel  spring  was  attached  to  a 
stretched  membrane  of  gold  beater's  skin  anj.  placed  in  front  of 
the  ]x>le  of  the  magnet  This  answered  veiy  well^  but  it  was 
found  that  the  action  of  the  instrument  was  improved  by  in- 
creasing the  area  of  metal,  and  thus  the  membmne  was  done 
away  with  and  an  iron  plate  substitutetl  for  it  It  was  important 
at  the  same  time  to  detennine  the  effect  produced  by  altering  the 
strength  of  the  magnet ;  that  is,  of  the  current  which  passeil 
roun*l  the  coils.  The  batteiy  was  graduiiUy  reduced  from  fifty 
cells  to  none  at  alh  an«l  still  tlie  effects  were  observed,  but  in  a 
less  marked  degree.  The  action  was  in  this  latter  case  doubtless 
due  Ijo  residual  magnetism :  hence,  in  the  pi^esent  form  of  appar- 
atus a  permanent  mngnet  is  eraplojed.  Lastly,  the  effect  of 
varying  the  dimensions  of  the  coil  was  studied,  when  it  was- 
foiuid  that  the  sounds  became  louder  as  its  length  waa  dimin- 
ished; a  certain  length  was,  howevefj  ultimately  reache<l,  beyond 
which  no  improvement  was  effected,  and  it  was  found  to  Ije  only 
necessary  to  enclose  one  end  of  the  magnet  in  the  coil  of  wire. 

Such  was  the  instrument  that  Mr.  Bell  sent  to  the  Centennial 
Exhibition  at  PhiladulphiiL  The  following  is  the  official  report 
of  it,  signeil  by  Sir  William  Thomson  and  others : 

Mn  Alexander  Graham  Bell  exhibits  an  apparatus  by  wliich 
he  has  achieved  a  result  of  transcendent  scientific  intei-e^t— a  trans- 
mission of  s|)oken  words  by  electric  cun-eiits  thn^ugh  a  telegraph 
mre.  To  ohtiin  this  I'esult  Mr.  Bell  perceived  that  he  mustpn> 
duce  a  variation  of  stix^ngtli  of  curmnt  as  nearly  as  may  Ix?  in 
exact  proportion  to  the  velocity  of  a  particle  of  air  moved  l)y  the 
sound,  and  he  invented  a  method  of  doing  so — a  piece  of  iron 
attached  to  a  luembmne  (fig.  68)^  and  thus  moved  to  and  fn>  in 
the  neighborhood  of  an  electro-magnet,  which  has  pmved  per- 
fectly successful  The  battery  and  wire  of  this  electro-magnet  are 
in  circuit  with  the  telegmph  wire  and  the  wire  of  another  electro- 
magnet at  the  recei\Tag  station.  This  second  electro- magnet  has 
a  solid  bar  of  iron  for  core  wliich  is  coanected  at  one  end  bv  a 
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thick  disk  of  iron  to  an  iron  tiil>e  .surrounding  the  ooil  and  bar, 
^^hc  fr*ee  ciixjulur  end  of  tho  tube  coiinititutoj?  one  i>ole  of  the 
^fclectro-niagnet,  and  the  adjuceiit  fi^e  end  of  the  Ijar  corc  the 
^HDtber.  A  thin  circul'ir  iron  disk,  hekl  pressed  against  the  end  of 
^■lie  tul)e  by  the  electro-magnetic  attraction  and  fre<^  to  vibrate 
^Plhrnugh  a  very  small  t^pace  without  touching  tlie  centnd  pole. 

constitutes  the  sounder  by  which  thy  electric  effect  in  reconverted 


i%.  68. 

into  sound  (iig.  69),  With  my  car  pressed  against  this  disk,  I 
heard  it  speak  distinctly  several  sentences,  I  need  scarcely  say 
1  was  astonished  and  delight<:3(l  So  were  others,  including  some 
judges  of  our  gix)up^  who  wituasaed  tho  experiments  and  verified 
ith  their  own  eara  the  electric  transmission  of  speech.  Tliis, 
perhaps,  the  greatest  mai'\el  hitherto  achieved  by  ihc  electric 


Fig.  59. 

f%raph,  has  been  obtained  by  a|jplianees  of  quite  a  homespun 

nd   rudimentaiy  cliaracter.     With  somewhat  more  advanced 

plans  and  more  powerful  apparatus,  we  may  confidently  ex- 

ct  that  Ml*.  Bell  will  give  ns  ibo  means  of  making  the  voice 

d  sf)oken  woi\ls  audible  through  the  electric  wii'c  to  an  ear 
tiodreds  of  miles  distant 

Tha  present  form  of  instrument^  which  is  now  being  manu- 
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factiirefl  in  lai*ge  nurnbei's  by  tlie  Silvertown  Company^  does  not 
essentially  diifer  fmni  that  reported  on  so  cntliusiasticallv  by 
Sir  Williaiu  Tbumson.  Only  it  is  more  simjile  in  construction 
nnd  inoi-e  handy. 

Before  attenipting  any  explanation  of  the  action  of  the  tele- 
phone, it  may  be  well  to  dniw  the  attention  of  our  readers  to  the 
special  eharacteristics  of  tke  hiiinan  voice,  and  to  those  peculiari- 
ties whicli  distinguish  one  musicid  note  from  another  What- 
ever the  dilleiTnces  in  question  may  depend  upon,  it  is  certain 
that  they  are  tmnsmitted  and  reproduced  in  the  telephone  with 
unerrin*^  fidelity,  and  it  is,  therefore,  important  that  we  should 
undei-stand  tlieir  nature  and  origin.  Take  a  tuning  fork  and  set 
it  in  vibration  by  striking  or  drawing  a  violpncello  bow  across 
its  pmnjjrs.  The  fork  yields  its  owii  proper  note,  which  will  be 
loud  or  the  rcvei-se,  acconhng  as  the  fork  has  been  struck  ener- 
getically or  hghUy,  So  long  as  we  use  one  fork  only  it  is  obvious 
that  the  only  variaition  whicli  can  be  produced  in  the  sound  is  a 
variation  of  intensity.  If  the  extent  of  vibration  l>e  small,  the 
resulting  sound  is  feeble ;  its  loudness  increases  with  the  excur 
sion  of  the  pr  nigs.  What  is  true  of  the  tuning  fork  is  true  of 
any  other  musical  instrument,  and  hence,  generally,  the  ioudjiess 
of  a  musical  sound  depends  upon  the  amplitude  of  vibration  of 
that  which  prodncetl  it  Now,  take  two  similar  tuning  forks  of 
different  pitch,  and  suopose  that  one  is  exactly  an  octiive  alx>ve 
the  other.  They  may  bo  excited  in  such  a  way  that  the  notes 
emitted  are  of  equal  loudness,  and  then  the  only  i*espect  in  which 
they  differ  from  each  other  b  in  pitch.  The  pitch  of  a  fork  de* 
]}eud3  upon  its  rate  of  vibration.  It  is  comparatively  easy  with 
suitable  zvppamtus  to  metisure  the  rate  of  vibmtiou  of  a  tuning 
fork,  an<l  were  we  to  test  the  two  forks  in  question,  it  would  hfkj 
found  tliat  that  giving  the  liigher  note  vibrates  exactly  twice  i 
fast  as  the  other.  If  the  one  performs  a  hundred  oscillations  ill 
a  second,  the  other  which  is  an  octave  above,  completes  two 
himdrtNl  in  the  same  interval  of  time.  Thus,  the  pitch  of  a  note 
yielded  by  a  tuning  fork  depends  upon  its  rate  of  %^bmtioD, . 
on  nothing  else,  and  the  same  b  true  of  a  piano-forte  wire, 
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air  in  an  organ  pipe,  a  hannonium  reed,  etc.  We  have  no^  ac 
counted  fur  two  of  the  characteristies  of  a  musical  note,  its  loud 
ness  and  its  pitch;  but  tliei*e  is  a  third,  equally,  if  nut  more  im* 
portant,  and  by  no  means  so  simple  of  explanation.  We  refer 
to  what  is  usually  spoken  of  in  English  1x>oks  on  acoustics  as 
tlie  quality  of  the  note ;  the  French  call  it  timbre  and  the  Ger- 
mans klangfarbe.  It  is  that  wliich  constitutes  the  difference  be- 
tween a  violin  and  an  organ^  or  Ix^tween  an  orgun  and  a  piano- 
forte, or  lict^veen  twt)  human  voices ;  indeed  between  any  two 
musical  sounds  which  are  of  the  same  pitch  and  loudness,  but 

'  still  distinguishable  from  each  other.     In  order  to  explain  the 

lysiad  cause  of  quality,  we  will  suppose  we  have  a  thin  metallic 

al)out  a  yard  long  stretehetl  between  two  ix)ints  over  a 

funding  board,     Wlien  plucked  at  its  centre  the  wire  vibrates 

a  whole ,  the  two  ends  are  [J43ints  of  rest,  and  a  loop  is  fomied 
lietween  them.     The  note  emitted  by  the  wire  when  vibratinc^ 

I  this  manner  is  called  its  fundamental  note.  If  the  wire  be 
tmped  at  its  centi'c,  by  laying  on  it  with  slight  pressure  the 
ather  of  a  quill  pen,  and  plucked  at  a  point  half  way  between 
e  centre  and  one  end,  both  halves  will  vibrate  in  the  same 
anner,  and  independently  of  each  other.  That  is  to  say,  there 
will  be  two  equal  vibniting  segments  and  a  jjoint  of  rest  or  node 
at  tlie  centre.  But  the  rapidit\^  of  \nbration  of  each  segment  will 
be  twice  as  great  as  tliat  of  the  wire  when  \nbrating  as  a  whole, 
and  consequently  the  note  emitted  will  be  the  octave  of  the  fun- 
damental. When  damped  at  a  i)oint  one  third  of  the  length  fi^om 
either  extremity^  and  plucked  half  way  between  that,  point  and 
the  nearer  extremity,  the  wire  will  ^dbratc  in  tliree  ecjual  divi- 
sions, just  as  it  vibrates  in  two  divisions  in  the  previous  case. 
The  mXe  of  vibration  vnW  be  now  thi-ee  times  as  great  as  at 
^first,  and  tlie  note  pi-oduced  \nll  Im  a  twelfth  above  the  funda 
itaL  Similarly,  by  damping  and  plucking  at  suitable  points 
be  wire  may  be  made  to  vibrate  in  four  jxirts,  five  paits»  six 
etc.,  the  rate  of  vibration  increasing  to  four,  five,  six, 
times  what  it  was  at  first  Let  us  suppose  that  when 
be  wire  was  swinging  as  a  whole,  and  sounding  its  fundamental 
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note,  the  number  of  gscillations  performed  in  a  second  was  ooe 
bunclrciL  Tlien  we  see  that  by  talking  sai table  precautions  tbe 
wire  can  be  made  to  break  np  into  two^  threCj  four,  five.,  six,  eic^ 
vibmting  segments,  the  rates  of  vibration  being  respectively  two 
huncL'edj  three  hundred,  four  huntli-ed,  five  hundred,  six  hundred, 
etc,  and  the  series  of  notes  emitted  bemg  the  octave  above  the 
fundamental^  the  fifth  above  the  octave,  the  double  octave,  the 
tliird  and  fifth  alx)ve  the  double  wtave,  and  so  on.  We  now 
come  to  an  important  pc:)int,  which  i^  this — that,  the  wire  being 
fi-ee,  it  is  practically  impossible  to  strike  or  pluck  it  in  such  a  way 
as  to  make  it  vilirate  according  to  one  of  the  above  systems  only. 
It  will  vibrate  as  a  whole  wherever  and  however  it  be  struck,  but 
this  mode  has  always  associated  with  it  or  superposed  upon  it 
some  of  the  other  motles  of  vibration  to  which  we  ha\^e  just  re- 
ferred. In  other  words,  the  fundamental  note  is  never  heanl 
alone,  but  always  in  combination  with  a  certain  number  of  its 
overtones,  as  they  are  called.  Each  fonn  of  vibration  ca.lled  into 
existence  sings,  as  it  were,  its  own  song,  \^thoLit  heeding  what  is 
being  done  by  its  fellows,  and  the  consequence  is  that  the  sound 
which  reaches  the  ears  is  not  simple  but  highly  composite  in  its 
chamcter.  The  word  clang  has  been  suggested  to  denote  such  a 
com2>osite  sound,  the  constituent  simple  sounds,  of  which  it  is  the 
aggregate,  l>eing  called  its  first,  second,  third,  etc,,  partial  tones. 
All  the  possible  partial  tones  are  not  necea^arily  present  in  a 
cliing,  nor  of  those  which  are  present  am  the  intensities  all  the 
same.  For  instance,  if  the  wire  be  struck  at  tlxe  centre,  that  point 
cannot  be  a  node,  but  must  be  a  [M>int  rvf  maximum  disturbance: 
lience  all  the  even  partial  tcmes  are  excluded  and  f>nly  the  odd 
ones,  the  first,  third,  fifth,  and  so  on,  are  heai'd- 

That  chamcteristic  of  a  musical  note  or  clang,  which  is  called 
its  quality,  depends  upon  the  number  and  relative  intensities  of 
the  partial  tones  which  go  to  form  it  The  tone  of  a  tuning  fork 
is  approximately  simple :  so  is  that  of  a  stopped  wooden  organ 
pipe  of  large  aperture  blown  by  only  a  slight  pressure  of  wind* 
Such  tones  sound  sweet  and  mild,  but  also  tame  and  spiritless. 
In  the  clang  of  the  violin,  on  the  other  hand,  a  large  number  of 
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[partial  tones  are  represented;  hence  the  vivacious  and  brillmat 
[character  of  this  instniaieDt.     The  sounds  of  tfie  humim  voice 
ire  produced  by  the  vibrations  of  the  vocal  chordsi  aided  by  the 
IresoTiance  of  tlie  moutk     The  size  and  shape  of  the  cavity  of 
Ithe  mouth  may  be  altered  by  opening  and  closing  the  jaws,  and 
b3^  tightening  or  loosening  the  lips.     We  should  expect  that 
these  movements  would  not  be  without  effect  on  the  resonance 
[>f  the  contained  air,  and  such  proves  on  experiment  to  be  the 
act    Hence^  when  the  vocal  chords  have  originated  a  clang 
containing  numerous  well  developed  partial  tones,  the  mouth 
ca\nt3',  by  successively  throwing  itself  into  different  postures, 
in  favor  by  its  resonance  first  one  overtone  and  then  another ; 
It  one  moment  this  group  of  partial  tones,  at  another  that     In 
ihis  manner  endless  varieties  uf  quality  are  rendered  possible. 
Lny  one  may  prove  to  himself^  by  making  the  experiment,  that 
irhen  singing  on  a  given  note  he  can  only  change  from  one 
irowel  sound  to  another  by  altering  the  shaj^e  and  size  of  his 
mouth  cavity. 

Having  thus  briefly  indicated  the  physical  causes  of  the  vari- 

Ious  difierences  in  musical  notes,  and  the  pnxl action  of  sounds 
|by  the  organ  of  voice,  we  will  devote  a  few  moments  to  consider 
how  these  sounds  are  propagated  through  the  air  and  reach  the 
plate  of  the  telephone.  When  a  disturbance  is  produced  at  any 
point  in  an  aerial  medium,  the  particles  of  which  are  initially  at 
rest,  sonorous  undulations  spread  out  from  that  point  in  all  di* 
2tion&  These  undulations  are  the  eirect  of  the  rapid  vibratory 
lotions  of  the  air  particles.  The  analogy  of  water  waves  will 
belp  us  to  understand  what  is  taking  phiee  under  these  cireum 
smces.  If  a  stone  be  dropped  into  the  still  water  of  a  pond,  a 
sries  of  concentric  circular  waves  is  produced,  each  wave  eon 
listing  of  a  crest  and  a  hollow.  The  waves  travel  onwards  and 
outwards  from  the  centre  of  disturbance  along  the  surface  of  the 
rater,  w^hile  the  drops  of  water  which  constitute  them  have  an 
[lillatoiy  motion  in  a  vertical  direction.  That  is  to  say,  fol 
lowing  any  mdial  line,  the  water  particles  vibrate  in  a  direction 
It  right  angles  to  that  in  which  the  wave  is  propagated.     The 
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distance  between  two  successive  crests  or  two  successive  hollows 
is  called  the  len^h  of  the  wave ;  the  amplitude  of  vibration  is 
the  verticid  distance  through  which  an  individiml  drop  moves. 
In  a  similar  manner  sonorous  undulations  are  propagated  through 
air  by  the  oscillatory  motion  of  the  air  particles.  But  there  is 
this  important  difference  between  the  two  cases,  that^  in  the  lat- 
ter^ the  vibrating  particles  move  in  the  same  direction  in  which 
the  sound  is  being  propagated.  Conset:[uently  such  waves  are 
not  distingiii;?hed  by  alternate  crests  and  hollows,  but  by  alter-J 
nate  condensations  and  rarefactions  of  the  air,  the  transmission* 
of  which  constitutes  the  transmission  of  sound.  The  wave 
length  is  the  distance  between  two  consecutive  condensations  or 
i-ai*ef actions.  It  depends  upon  the  pitcli  of  the  transmitted  sound, 
being  shorter  as  the  sound  is  more  acute,  while  the  extent  of 
vibmtion  of  the  air  particles  increases  with  the  loudness.  Such 
ai'e  the  peculiarities  of  the  vibratory  motion  in  air  corresponding 
to  the  pitch  and  loudness  of  the  transmitted  sound.  But  what 
is  there  in  the  character  of  the  motion  to  account  for  difference 
io  quality  ?  A  little  consideration  will  show  that  there  i^  only 
one  thing  left  to  account  for  these,  and  that  is  the  form  of  the 
vibration.  Let  us  mentally  isolate  a  particle  of  air,  and  follow 
its  movements  as  the  sound  passes.  If  the  disturbance  is  a 
simple  one^  pixMluced,  say^  by  the  vibration  of  a  tuning  fork,  the 
motion  of  the  air  particle  will  be  simple  also,  that  is,  it  will 
vibrate  to  and  fro  like  the  bob  of  a  pendulum^  coming  to  rest  at 
each  end  of  i is  excursion,  and  from  these  points  increasing  in 
velocity  until  it  passes  its  neutral  jjoint  Such,  howevei\  is 
clearly  not  the  only  mode  of  vibmtion  possibh^  If  the  disturV> 
ance  be  produced  by  a  clang  comprising  u  number  of  partial 
tones  of  variotis  intensities,  all  excited  shnultaneously,  it  is  ob- 
vious that  the  air  particle  must  vibrate  in  obedience  to  every  one 
of  these.  Its  motion  will  be  the  i-esultant  of  all  llic  motions  due 
to  the  separate  partial  tones.  We  may  imagine  it^  starting  from 
its  position  of  rest,  to  move  forward^  then  stop  short,  and  turn 
back  for  an  insUmt,  then  on  again  an  til  it  reaches  the  end  of  its 
excursion.     In  returning  it  may  perform  the  same  series  of  to- 
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aiid*fro  motions  in  the  opposite  direction,  or  it  may  move  in  a 
tolly  different  way.     Nevertheless,  however  complex  ita  mo- 
tion may  be^ — and,  as  a  rule,  it  will  be  exceedingly  romplex— its 
riodic  character  will  be  maintnined.     All  the  tremors  and  per- 
rbations  in  one  wave  length  will  recur  in  all  the  others. 
When  sonorous  undulations  impinge  upon  the  iron  plate  of 
the  telephone,  the  latter  is  set  in  vibration*     Its  particles  move 
to  and  fro  in  some  way  or  other.     The  complexity  of  their  mo- 
tion will  depend  upon  that  of  the  air  from  which  it  was  derived 
But  for  the  sake  of  simplicity  we  will  fiss-iime  that  the  plate  has 
a  simple  pen<hilous  motion.     It  will  be  remembered  that  the  imn 
plate  13  placed  quite  close  to,  but  not  quite  in  contact  with,  the 
extremity  of  the  steel  magnet     It  l>ecorae8j  thei^fore^  itself  a 
magnet  by  induction  ;   and,  as  it  vibnites,  its  magnetic  power  is 
instantly  changing^  being  strengthened  when  it  appi-oaches  the 
agnetic  core,  enfeebled  as  it  nM?efles.     iVgain,  when  a  magnet 
oves  in  tlie  neigh lx)rhood  of  a  coil  of  wiix?,  the  ends  of  which 
connected  together,  an  electrical  current  is  developed  in  the 
il,  whose  stiTngth  depends  upon  the  rapidity  with  which,  and 
the  distimce  through  which,  the  magnet  moves.    In  the  telephone 
,  as  the  plate  moves  towards  the  coil,  a  cunxsnt  is  induced  in 
the  latter  which  traverses  the  whole  length  of  wii'e  coimecting  it 
with  the  distant  instrument ;  the  ]>Iatc  returning,  another  current 
with  revensetl  sign  follows  the  tii'st     The  intensity  of  these  cur- 
nts  depends,  as  we  have  said,  on  the  rapidity  with  which  these 
LOvements  are  eifecte<l,  but  is  largely  iotlueneed  also  by  the 
LCt  that  the  plate  does  not  retain  a  constant  magnetic  strength 
iighout  its  excursions,     Under  the  assumption  wc  have  made 
ith  respect  to  the  sijnplicity  of  the  plate's  motion,  it  follows 
hat  the  induced  currents,  alternately  pcw^itivc  and  negative,  fob 
w  each  other  in  a  uniform  manner,  and  with  a  rapidity  corre- 
K)nding  to  the  pitch  of  the  exciting  note.     These  currents  pass 
long  the  cin:^uit,  and  circulate  round  tlie  coil  of  the  distant  tele- 
phone.    There  they  modify  the  magnetic  iielations  between  the 
steel  magnetic  core  and  the  iron  plate  in  such  a  way  that  one 
nt — say  the  positive — attracts  the  i>late,  while  the  other 
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—the  negative— repels  it  And  since  the  arriving  currents  fol- 
low each  other,  fii'st  positive  and  then  negative,  with  perfect 
regularity,  the  plate  will  also  vilirate  in  a  unifonii  manner^  and 
will  J  perform  the  same  number  of  viltratioDs  per  second  as  did 
the  plate  of  the  sending  instrument  Hence  tlie  sound  heard 
will  he  an  exact  copy,  except  as  t*j  loudness,  of  that  j)i'odut^ed  at 
the  sending  Jitatioii.  Ilaving  thus  followed  the  sequence  of 
phenomena  in  this  simple  case,  we  are  enabled  to  extend  our 
explanation  to  the  case  in  which  composite  sounds  of  more  or 
less  com]>lexity — vowel  sounds  and  speech — are  transmitted. 
We  are  compelled  to  admit  that  every  detail  in  the  motion  of  an 
air  particle,  every  turn  and  twisty  must  Ixi  ptissed  on  unalterefl  to 
the  imn  menibrant^  and  that  every  niaiitication  of  the  motion  of 
the  membrane  must  have  its  counterpart  in  a  motliiication  of  the 
induced  cunvnLs.  These^  in  their  turn,  allecting  the  iron  plate 
of  the  receiving  telephone,  it  follows  that  the  plates  of  the  two 
telephones  must  be  vibmting  in  an  absijlutely  identical  manner* 
We  can  thus  follow  in  a  geneml  manner  the  course  of  the 
phenomena,  and  explain  how  air  vibi*ations  are  connected  with 
the  vibnitions  of  a  magnetic  plate — ^how  these  latter  give  rise  to 
electiical  currents,  Avhich^  passing  over  a  circuit  of  liundreds  of 
miles,  cause  another  magnetic  plate  to  vibrate,  every  treinor  ia 
the  first  l>eini!:  repi'odueed  in  fao-simile  in  the  second,  and  thus 
excite  sonorous  undulations  which  pass  on  to  the  ear.  We  can 
underst^md  all  this  in  a  general  way,  but  w^e  arc  not  the  less  lost 
in  wonder  that  the  setjuenee  of  events  should  be  what  it  is. 
That  a  succession  of  currents  could  be  transmitted  along  a  tele- 
graph wh*e  without  the  aid  of  a  battery,  that,  by  simply  talking  J 
to  a  magnetic  membrane  in  front  of  a  coil  of  wire,  the  relations' 
of  the  magnetic  field  between  the  two  could  l>e  so  far  mcnlified 
as  to  produce  in  the  coil  a  succession  of  electrical  currents  of 
sufficient  power  to  traverse  a  long  cinniitj  and  to  reproduce  a 
series  of  phenomena  identical  with  those  by  which  the  cuirents 
were  brought  into  existence,  would  have  been  a  few  years  ago 
pronounced  an  impassibility,  A  nukn  would  have  been  deritled 
who  proposed  an  instrument  constructed  on  such  principles. 
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Nevertheless^  here  it  is  realized  in  our  hands.  We  can  no  Irmger 
doubt,  we  can  only  wondet-,  and  admire  tj;^e  sagacity  and  pa- 
tience witli  which  Mr,  Bell  has  worked  out  his  problem  to  a  sue- 
cessJnl  issue, 

^  The  articulating  telephone  of  Mr,  Graham  Bell,  like  those  of 
I  Beis9  and  Gray,  consists  of  two  parts,  a  transmitting  instrument 


lif^^ 


Fig.  60. 

a  receiver,  and  one  cannot  hut  be  struck  at  the  extreme 

Fgimplicity  of  Ijoth  instnmients:  so  simple,  indeed,  that  were  it 

not  for  the  high  authority  of  Sir  William  Thomson,  one  might 

be  pardoned  at  enterUiining  some  tkmbts  of  their  capabiHty  of 

[  producing  such  mar%' ellons  results. 

The  transmitting  instrn merit,  wliich  is  represented  in  fig.  60, 


>V.  61. 

consists  of  a  horizontal  electro*magnet,  atttiched  to  a  pillar  about 
2  inches  above  a  horizontal  mahogany  stand ;  in  front  of  the  poles 
of  tlus  magnet— or,  more  correctly  speaking,  magneto-electric 
inductor — is  iixed  to  the  stand  in  a  vei-tical  ]>lane  a  circular  hi-nss 
nng,  over  which  is  stretched  a  membrane,  carrying  at  its  centre 
a  small  oblong  piece  of  soft  iron,  which  plays  in  front  of  the  in- 

*  Enfpticeriiig,  18t7» 
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diictor  magnet  whenever  the  membrane  is  in  a  state  of  vibmtioa 
This  membmoe  can  1^  tighteneil  like  a  drum  by  the  three  mill 
headed  sci^ws  shown  in  the  drawing.  The  ends  of  the  coil  sur* 
munding  the  magnet  temiinate  in  two  binding-screws,  by  which 
the  instrument  is  put  in  ciixiuit  with  the  receiving  instrument, 
wliich  m  shown  in  fig,  6L  This  int^trument  is  nothing  mom 
than  one  of  tlie  tuluUar  electro-magnets  invented  by  M-  Niclfta 
in  the  year  1852,  but  which  huj^  been  reinvented  under  various 
fancy  names  several  times  since.  It  consists  of  a  vertical  bar 
electro-magnet  inclosed  in  a  tube  of  esoft  irou^  by  which  its  mag- 
netic field  is  cnndensetl  and  its  attractive  jiower  within  that  area 
increased.  Over  this  is  fixed,  attached  by  a  screw  at  a  point 
near  its  cii*cumfemnce,  a  thin  sheet  imn  annature,  of  the  thick- 
ness of  a  sheet  of  cartridge  {>aper,  and  this,  when  under  the 
influence  of  the  transmitted  curt'ents,  act^j  partly  as  a  vibrator 
and  partly  as  a  resonator.  The  magnet  with  its  armature  is 
mounteil  upon  a  little  bridge,  which  is  attached  to  a  mahogany 
stand  similar  to  that  of  the  transmitting  instrument 

The  action  of  the  apparatus  is  as  follows :  Wlien  a  note  or  a 
woitl  is  sounded  into  the  mouthpiece  of  the  transmitter,  its  mem- 
brane vibrates  in  unison  with  the  sound,  and  in  doing  so  carries 
the  soft  iron  inductor  attached  to  it  backwards  and  forwaixls  in 
presence  of  the  electro-magnet,  inducing  a  series  of  magneto-elec- 
tric currents  in  its  surrounding  helix,  which  are  transmitted  by 
tlie  conducting  wire  to  the  rei*eiving  instrument^  and  a  corre- 
sponding  vibration  is  therefore  set  up  in  the  thin  iron  armature 
sufficient  Ui  produce  sonorous  vibrations,  by  which  articulated 
words  can  he  distinctly  and  clearly  recognized  In  all  previous 
attempts  at  producing  this  result  the  vibrations  were  produced 
by  a  make  and  break  arrangement;  so  that,  while  the  number  of 
%dbrations  ]>er  second,  as  well  as  the  time  measui-es,  were  correctly 
transmitted,  there  was  no  variation  in  the  strength  of  the  cur- 
rent, whereby  the  quality  of  tone  was  also  reconicLL  This  de- 
fect did  not  prevent  the  transmission  of  pure  musical  notes^  nor 
even  the  discord  jiroduced  by  a  mixture  of  theuij  but  the  com- 
plicated variation  of  tone,  of  quality,  and  of  modulation^  which 
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make  ttp  the  human  voice,  required  something  more  than  a  mere 
isochronism  of  vibratory  impulses. 

In  Mr,  Beirs  apparatua  not  only  are  the  vibrations  in  the 
recei\nng  instrument  isochronous  with  tho^c  of  the  transmitting 
membrane,  but  they  are,  at  the  sarne  time^  similar  in  quality  t«) 
[  the  sound  producing  them ;  for^  the  currents  being  induced  by  an 
inductor  vibrating  with  the  voice,  differences  of  amplitude  of 
vibration  cause  differences  in  strength  of  the  impulses^  aiid  the 
I  articulate  sound  as  of  a  person  speaking  is  produced  at  the  other 
end. 

^  The  telephone  has  been  regarded  as  a  toy,  or  a  curiosity  to  be 

played  with  ;  but,  while  it  is  undoubtedly  extremely  interesting 

Las  a  novelty,  it  is  very  much  more  than  this;  it  is^  ncientificully 

laiDd  practically,  a  great  success.     There  are,  undoubtedly,  diffi- 

Jculties  in  its  use,  but,  et»nsidering  that  it  is  a  contrivance  but  of 

j^esterday,  tlio  wonder  is  that  it  is  so  j->erfect 

When  a  telegniphist  iii-st  gets  into  his  hand  this  beautifully 
simple  and  electrically  delicate  instrument,  his  fli'st  inclination  is 
\ty  test  its  carrying  power     This  is,  of  course,  a  cltjset  experiment, 
aot  working  ^vith  actual  telegraph  line,  but  with  a  resistance  coil 
Sjuivalent  to  a  telegraph  line  of  stated  length.     An  experiment 
jf  this  nature  gives  better  results  than  could  be  obtained  by  a 
i*eritjible  line,  tecause  the  insulation  ^so  to  speak,  perfect     No 
leakage  at  undesigned  points  t>f  euniact,  or  disturbance  from  un- 
avoraWe  atmospheric  conditions,  is  felt,  and  the  experiment  is 
sntirely  under  the  observers  contjr^jL     The  apparatus  used  is 
Jesigncd  to  offer  the  same  labor  for  the  electric  current  to  over- 
3me  as  would  be  offered  by  a  stated  length  of  outside  telegraph 
'line.     TliLs  artificial  resistance  is  nicely  graduated,  and,  as  the 
method  of  testing  was  suggested  by  Ohm,  a  German  eler'trician, 
tiie  unit  of  resistance  is  termal  an  ohm,     Remo\4ng  the  tele- 
phone to  .such  a  distance  that  the  two  observei's  were  out  o(  ear- 
jShot  the  test  with  resistance  was  tried,  and  with  a  i^sistimee  tjf 
1,000  ohms — roughly  speaking,  equal  to  seventy  miles  of  a  well 
^nstructefl  line — the  sound  was  perfect,  although  not  verj^  loud 
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EvetT  articulation  of  the  speaker  ut  the  other  end  coiild  l>c  dis- 
tinguished so  long  as  silence  was  maintained  in  the  ixxim,  or  sa 
long  as  no  heavy  lorry  mrnbling  over  the  stones  outride  sent  iu 
no  harsh  noise  which  th'uwned  the  faint  whisper  of  the  instru- 
ment The  i*esistance  was  gmdually  raised  to  4,000  ohnis — 
nearly  300  miles — with  like  favorable  results :  and  for  some  lit- 
tle distance  beyond,  aitieulatii.in  could  still  be  made  out  But  by 
the  time  10,0lH)  cdims  had  been  appli^xl,  putting  the  speaker  at  a 
distance  of»  siiy,  700  miL^  sound  only,  but  not  articulate  sound, 
j*eached  the  ear*  The  tone  was  thei^,  and  everj^  inflection  of  the 
voice  could  be  followetb  but  articulation  was  absent,  although 
the  listener  straineil  every  nerve  to  catch  the  sound,  wdiile  the 
speaker,  as  was  afterwards  ascei'tiined,  was  shouting  in  a  loud, 
clear  voice.  Tlje  prolonged  not(?s  of  an  air  sun^  ccmld  be  hexird 
\rith  tlie  resistance,  but  again  no  woixls  could  be  distinguishecL 

The  next  experiment  was  to  join  u]>  the  telephones  in  the 
office  witli  tliUerent  line  wires  in  succession  going  to  various 
distances,  and  working  with  diflerent  kinds  of  telegi-iiph  instru* 
ments.  When  this  was  done,  tlie  real  obstacle  to  telephonic 
progress  at  once  iii^serteii  itself  in  the  shape  of  induction.  The 
first  wire  experimented  with  was  paitly  overhouse  and  j>aitly 
undei*gRiund,  and  the  offices  u}>on  it  were  working  Wheatstone  s 
step-by 'Step  dial  insti^uments.  It  is  diflicult  to  render  clear  to^M 
the  person  ignorant  of  telegraphic  phenomena  tlie  idea  expressed  ^^% 
by  the  word  induction*  Briefly,  it  may  be  put  thus :  that,  when 
an  electric  current  is  passing  on  a  wire,  it  has  the  faculty  of 
setting  up  a  cuiTcnt  of  opposite  character  in  any  wire  in  its 
vicinity. 

In  various  recent  articles  on  the  telephone,  mention  lias  been 
made  of  contact  as  the  cause  of  disturbance.  This  wi^rd,  how- 
ever, althougli  it  has  been  useil  by  telegraphists,  is  misleading, 
and  can  only  bo  used  as  an  endeavor  to  expi'css  popularly  an 
electric  fact  Actual  contact  of  one  wire  ^vith  another  would 
spoil  the  business  altogether.  A  wire  bearing  an  electric  cur- 
i*ent  seems  to  be  for  the  time  surrounded,  to  an  undefined  dis- 
tance, by  an  electric  atmospherc,  and  all  wires  coming  within 
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this  atmoRphere  hare  a  current  in  an  opposite  direction  set  up  in 
bem.     This  is  as  near  an  explanation  of  tbe  jilienoniena  of  in- 
luction  SLS  the  state  of  telegmph  8(7ience  at  present  affords.  Now. 
the  telephone  worlcs  with  a  ver\^  dcliaite  inagiietic  euri'eiU^  and 
is  easily  overpowere<l  by  the  action  of  a  stronger  current  in  any 
wire  near  which  the  telephone  wre  mav  come.     To  work  prop- 
erly, it  requires  a  silent  line. 
In  the  place  where  the  obser%^ations  were  made,  there  were  a 
IQ  number  of  wires  tmvellintr  under  the  flcH  >r,  along  passages 
the  battery  nxmi,  and  to  a  ]>ole  on  tlie  outside,  whence  tliey 
Uate ;  or  out  to  a  pij>e  undergrtiund,  where  many  gutta-peR*ha 
3vered  wirt^-s  lie  side  by  side.     On  applying  tlje  ear  to  a  tolo 
bone  joineti  into  a  ciixniit  working  in  sueh  an  offiee,  a  curious 
[>und  is  heard,  comparable  most  nearly  to  the  sound  of  a  j>ot 
[liling.     But  the  practiced  ear  could  f^ycm  separate  the  l>f>i!ing 
jto  distinct  sounds.      There  was  one  uuiiiterful  Moi^se  instni- 
fcent — ^i>robably  on  the  wire  lying  nearest  the  one  on  which  we 
rere  joine<l  up — whose  peremjjtory  rlick,  chd-i-ck,  click,  ivjmv- 
enting  dot,  dtish,  dot  ou  the  printed  slip  we  read  from,  could 
^  hearil  over  all.     Then  there  was  the  i-apid  whir  of  a  fast  speed 
ismitter  sending  dot^  and  dashes  at  express  speed  by  mechani- 
al  means ;  and,  most  curious  of  all,  the  rrrrr-op,  rr-op,  rrmrr- 
rrop,  rmT'op,  rr-op  of  the  Wheat^tone  dial  instrumeiitj  the 
deadliest  foe  to  the  telephone  in  it^s  endeav<>rs  to  gain  admission 
into  the  family  of  telegra}jh  instnmients.     Thei-e  may  be  reason 
in  this,  for  as  the  Wheatstone  dial  instrimient  is  the  instrument 
Hpsed  for  private  telegraphy,  or  for  the  least  impijt^tant  public 
^Bffices,  because  it  requires  no  code  to  be  learaal  by  the  manipu- 
^■ator,  so  it  would  likely  be  the  first  to  be  dis]>laced  if  an  acoustic 
^fclegniph  permanently  took  the  field.     So  the  sentient  little 
^^V'heatstone  dial  oi)ens  its  mitrailleuse  fire  on  the  intruder,  on 
whose  delicate  cnrrcTils,  in  the  w^>rds  of  an  accompli she«:l  elec- 
I     trician,  it  plays  old  HaiTy.    The  i)eculiar  character  of  the  sounds 
we  b<'jiTf»w  on  the  telephone  from  this  instrument  arises  from  tlie 
fact  that^  as  the  nee<lle  flie^  round  the  dial,  a  distinct  current  or 
pulsation  passes  for  each  letter,  and  the  final  op  we  have  tried  to 


iut) 


THK    8PEAEING    TELEPHONB. 


tepret^eut  shows  the  stoppage  of  the  net?dle  at  the  letters  as  word» 
wem  spelled  ouu 

It  must  not  be  understood  that  the  sounds  of  those  variotis 
instruments  are  aetually  heard  in  the  telephona  What  happeim 
ia,  that  the  eiin^ents  stealing  along  the  tele}>hone  wire  by  iiiduC' 
tion  produce  vibrations  in  the  diaphragm  of  that  instnunent^  tlie 
little  nietid  membrane  working  on  the  niagnet  in  mady  response 
tr>  eveiT  current  set  up  by  tbe  latter*  When  it  is  i^enierribrr  ^  ' 
the  principle  of  the  te'lephone  it*  that  the  sound^caused  vi '  . 
in  the  filmy  diaphragm  at  one  end  create  similar  but  magneti* 
eallv-eause<l  vibrations  in  the  diaphragm  nt  the  other  entl,  ami 
so  repHxluce  the  soun^l,  it  will  be  obvious  why  the  rapid  roll 
of  the  Wheatstone  dial  cmrrenta^  or  the  swift  sending  of  the 
fast-speed  transmitter,  when  brought  by  induction  into  the  tele- 
phone wire,  caufM3  disturbances  in  the  sound  \nbmtions,  and 
thereby  cripple  the  instriunent  One  instrument  of  either  kind 
named  would  have  a  certain  efleet,  liut  one  Morse  won]*!  not 
have  any  gi'eatly  prejudicial  effecL  But  a  numl>er  of  Morses 
going  together,  such  as  weix*  heard  in  our  experiments,  would 
combine  to  Ix^  netirly  as  bad  as  one  Wheatstone  dial  ar  last- 
spe^nl  Morse,  S<^  delicate  is  tbe  diaphragm  U)  s<Hind  (and  n<*ce** 
sarily  so)  that,  in  all  exi>enment8  with  tlio  telephone  it^clf^  every 
sound  from  without  broke  in,  giving  effect  like  the  welbknowii 
muninir  of  the  i>hell. 

Joiiiitig  up  our  wire  now  to  a  mow  distant statioiiiit some 
miles  along  the  railway,  and  having  on  its  polea  a  number  of 
what  art^  known  as  hi*avy  circuits,  the  jHit'b4»i'  ' 

even  more  marked  characterii;tie&      Tlie  W 
longer  affecte<l  us ;  but  a  number  of  Mor-s^e  instrumenis  w«*!re  in 
full  gear^  and  the  fi  ^  transmitter  was  also  at  wort  Whil** 

we  were  listening,  ti  it  to  which  we  were  j<»in«  <1  )•  -ju  t. 

w< irk,  and  the  effect  was  literally  ehx!triciil    Hithr  u»*l 

only  born^wcd  cunvnts — or,  secnng  they  wt*r^ 
might  call  them  currents  thrust  ui)on  ua— anu   -  _  _ 
sharp  and  ineesKanl^  were  gt^ntlc  and  rather  low«.   Bn 
atrong  current  was  aet  up  in  the  wire  itself,  the  It 
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ne  of  our  telephones  nearly  jumped  from  the  floor  when  an 
mgrv  pit-pat,  pit-pat,  pit-pat  {jit  assailed  Ids  ear,  causing  him  to 
'  <ln>p  the  instmment  as  if  he  had  been  shot  It  was  a  rcsult 
none  of  us  ha<i  expected,  for  it  did  not  seem  possilile  that  the 
delicate  metal  diopiinigni  and  the  little  magnet  of  the  teleplione 
could  jiixxiuce  a  sound  so  intense.  Of  coiii'se,  it  was  only  in- 
tense when  the  ear  wtis  held  close  to  the  orifice  of  the  instrument 
Held  in  the  hand  away  from  the  ear,  the  teIei>hone  now  maxle  a 
first  rate  sounder,  and  we  could  tell  witliout  difficidty  not  only 
the  signals  that  were  passing,  but  fuund  in  it  a  moi'e  cumfoitable 
tone  than  that  given  by  the  Morse  sounder  in  common  use. 
Other  experiments  of  a  like  character  led  to  results  so  similar 
L^bat  they  may  be  left  unnoticed:  and  we  pnx:eed  now  to 
^Bl^^*i*'^  ^ri^  ^^^  ^  differcnt  chai'acter,  designee!  to  test  tiie  tele- 
1  phone  itself.  At  a  distance  of  about  half  a  mile,  access  was  ol) 
tained  to  a  Morse  instiTiment  in  private  use,  and  joined  to  the 
^)ffice  by  overliuuse  wire*  Dividing  aur  party  and  arrat^ging  a 
mme  of  operation,  two  remained  with  a  telephone  in  the 
ce,  while  othei*  two,  of  whom  the  writer  was  one,  proceetled 
th  the  sc*cond  telci>hone  to  the  distant  instrument  By  an  ar- 
iigement  which  a  practical  telegi'nphist  will  undei^st^md,  the 
y  of  the  Moi-se  was  kept  in  circuit,  so  that  signals  could 
exchanged  in  that  way.  It  may  be  noticed,  however,  that 
is  was  hanily  necessary,  as  the  diaphragm  of  the  telephone 
be  used  iis  a  key,  witli  the  linger  or  a  blunt  point,  so 
X  dot  and  dash  signals  are  iiiterehangeablej  should  the 
ice  fail  to  be  hearth  As  the  wire  in  this  instance  travelled 
nost  alone  over  part  of  it^  course,  we  were  in  hopes  that 
[duced  currents  would  be  conspicuous  by  their  absence.  In 
is  we  were^  however,  disappointed,  for  the  jwt  was  toiling 
ay,  mther  moi-e  faintly,  but  with  the  plop-jilop  plop  distinctly 
dible,  and  once  more  a  sharji  masterfid  Morse  click  was 
ard  coming  in  now  and  again.  The  deadly  Wlieatstone  dial 
however,  absent,  so  that  our  exj>eriment  proved  highly  suc- 
ssfuL  For  some  reason  or  another — probably  an  imjierfect 
ndition  of  the  wire,  or  the  efftH^ts  of  induction  over  and  above 
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what  made  itself  audible  to  us — ^the  spoken  sounds  were  deficient 
in  distinctness ;  but  songs  sung  at  either  end  were  very  lieanti' 
fully  heard,  and,  indeetl,  the  siiBtainetl  note  oi  sung  words  had 
always  a  better  eaiT}'ing  power  than  mpidly  spokea  wonk 
Ever}^  syllable  and  every  turn  of  rnelt^ily  of  such  a  song  jis 
**  My  Mother  bids  nie  Bind  my  Hair,"  sung  by  a  lady  at  one  end, 
ur  **  When  the  Heait  of  a  Man,"  sung  at  the  other,  eould  be 
distinctly  heard,  but  with  the  effect  before  notice^l,  tliut  the  voice 
was  muffled  or  shut  in,  as  if  the  singer  were  in  a  cellar,  while  it 
was  not  always  possible  to  say  at  once  whethei*  the  voice  was 
that  of  a  man  or  a  woman. 

In  the  course  of  some  domestic  experiments  it  was  remarked 
that,  ill  pla\nng  the  scale  do\s^lwal\l  from  C  in  alt  on  the  piano, 
the  result  to  the  listener  was  a  tit  onlv  for  the  four  upper  notes, 
although  all  below  that  liad  a  clear  ting,  and  the  o^vtaves  l»elow 
were  mostly  distinct^  although  at  the  low  notes  of  the  piano  the 
sotmd  wns  again  lost  The  ringing  notes  of  a  musical  box  were 
not  so  successful,  but,  with  close  attention,  its  rapid  execution  of 
'*  Tonmiy  Dcnld  "  could  be  well  enough  made  out.  An  endeavor 
was  made  to  catch  the  tick'ing  of  a  watch,  but  this  was  not  sue- 
cessfuli  and  the  experiment  is  not  recommended,  as  the  near 
jiresence  of  a  watch  to  a  mtignet  is  not  desirable ;  and  the  watch 
exposed  to  it  in  this  instance  was,  it  is  thought,  affected  for  a 
short  time  thereafter,  although  it  received  no  pennanent  damage. 

The  observations  made  in  the  coui^c  of  these  experiments 
convineefl  those  piTsent  that  the  telephone  pi'eserits  facilities  for 
the  dangerous  practice  of  tapping  the  wire,  which  may  make  it 
useful  or  dangerous,  acconling  as  it  is  used  for  projx^r  or  im- 
proper puqioses.  It  might  be  an  important  addition  for  a  mili- 
tary conmiander  to  make  to  his  flying  cavalry;  as  an  exj^ert 
sound  reader,  acconipan\ang  a  column  to  cut  off  the  enemvs 
telegraph  connectitms,  might  juvcede  the  act  of  destruction  by 
robbing  hira  of  some  of  his  secrcta  The  rapidity  and  sirn- 
plicity  of  the  means  h\  which  a  wire  could  Ix*  milked,  vnthout 
l>eing  cut  or  put  out  of  circuit,  struck  the  whole  of  the  j>arty 
engaged  in    the  various  trials  that  are  describeil  above.     Of 
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course,  the  process  of  tapping  by  telephone  could  not  be  carried 
oiit  if  the  instrument  in  use  was  a  Wheatstone  dial  or  single 
needle,  or  if  the  wire  was  being  worked  duplex  of  with  a  fast 
f^Y^eed  Morse,  for  in  these  cases  the  sounds  are  too  rapid  or  too 
indefinite  to  be  read  by  ear.  The  danger  is  thus  limited  to  ordi- 
nary sounder  or  Morse  telegraplis ;  but  these  still  form  the  main- 
stay of  every  public  s^^stcm. 

Since  the  trials  here  described  were  made,  the  newspapers 
have  recorded  a  beautiful  application,  by  Sir  William  Thomson, 
of  the  electric  part  of  the  telephone  to  exhibit  at  a  distance  the 
motions  of  an  anemometer,  the  object  being  to  show  the  force  of 
air  currents  in  coal  mines.  This  is  a  useful  application  of  an 
electric  fact,  and  doubtlCvSs  points  the  way  to  further  discoveries. 
But  it  is  to  be  noticed  that  the  experiment,  interesting  as  it  is, 
hardly  comes  imdcr  the  head  of  telephony,  what  is  reproduced 
at  a  distance  being  not  sound,  but  motion. 

Obviously  the  invention  cannot  rest  where  it  is ;  and  no  one 
more  readily  than  the  practical  telegi-aphist  will  welcome  an 
instrument  at  once  simple,  direct  and  reliable.  Even  in  its 
present  form  the  telephone  may  be  successfully  used  where  its 
wire  is  absolutely  isolated  from  all  other  telegraph  wirea  But  the 
general  imprassion  is  that  its  p<^wer  of  reproducing  the  sound 
must  be  intensified  before  its  use  can  become  general,  or  come 
up  to  the  popular  exi:)ectation. 


CHAPTER  IV. 


HISTORY   OF  THE   PRODUCTION   OF  GALVANIC   MUSIC. 

This  cliapter  will  be  devoted  to  the  history  of  the  production 
of  galvanic  music,  and  to  the  reproduction  of  sounds  by  elec- 
tricity,  from  the  experiments  of  Page,  in  1837,  to  those  of  Gray, 
in  1874,    The  authorities  quoted  are  given  in  chronological  order, 

^  The  following  experiment  was  communicated  by  Dr,  C.  G. 
Page»  of  Salem,  Mass.,  in  a  recent  letter  to  the  editor,  Fmm  tlie 
well  known  action  upon  maj?j?es  of  matter  vdwn  one  of  those 
masses  is  a  magnet  and  the  other  some  conducting  substance, 
tmnsmitting  a  galvanic  current,  it  might  have  been  sfifely  infer- 
red {a  priori)^  that  it  this  action  were  pi-evented  by  having  both 
bmhes  permanently  iixed,  a  molecuhtr  demngement  would  occur 
whenever  such  a  reciprocal  action  should  be  established  or  de- 
stroyed. Tliis  condition  is  fully  proved  by  the  following  singular 
experiment  A  long  cop}ier  wii-e,  covered  with  cotton,  wjks 
wound  tightly  into  a  flat  spiral.  After  making  forty  turns,  the 
whole  was  tinnly  fixed  by  a  smearing  of  common  cement,  and 
mounted  veilically  Ix^tween  two  upright  su|>i^orta  The  ends  of 
the  wire  were  then  brought  down  into  mercury  cups,  which  \\*ere 
connected  by  cop]ier  wires  with  the  eui)s  of  the  battery,  which 
was  a  single  pair  of  zinc  and  lead  ]>lates,  excited  by  sulphate  of 
copper.  \Vlien  one  of  the  connecting  wires  was  lifted  fix>ni  its 
cup,  a  bright  sjiark  and  loud  snap  wen:'  produced.  When  one 
or  both  poles  of  a  large  hoi"seshoe  magnet  ai*e  la-ought  by  tlie 
side  or  put  astride  the  spiml,  but  not  touching  it,  a  distinct  ring- 
ing IS  heaitl  in  the  magnet  as  often  as  tlie  batteiy  connection 
with  the  s}ural  is  made  or  I jroken  by  one  of  the  wires.  Thinking 
that  the  ringing  soimd  might  be  produced  by  agit^ition  or 
i*everl>eration  from  the  snap,  I  had  the  battery  contact  broken  in 
a  cup,  at  considerable  distance  from  the  Held  of  experiment ;  the 


effect  was  the  same  as  before.     The 


heard  both  when 


^  C.  G.  PttgCi  Siliimim'b  J^urimlf  vol,  X£xU.,  p.  3110^  July^  1^7, 
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the  contact  is  made  aBtl  broken ;  when  the  contact  is  made,  the 
sound  emitted  is  very  feeble ;  when  broken,  it  may  be  heard  at  two 
or  three  feet  di<«tiince.  The  experiment  will  haixlly  stieceed  with 
small  magnets.  The  fii^t  used  in  the  experiment  consisted  of 
three  horseshoes,  supporting  ten  pounds.  The  next  one  tried 
was  composed  of  six  magnets,  su|)poiiing  fifteen  pounds  by  the 
armature.  The  third  supported  two  pmnrls.  In  each  of  these 
trials  the  sounds  producfxl  differed  from  each  other,  and  were  the 
notes  or  pitches  pirculiar  to  the  seveml  mairneta  If  a  large 
magnet  supported  by  the  bend  be  struck  with  the  knuckle,  it 
ves  a  musical  notej;  if  it  be  slightly  tapfied  with  the  finger  nail, 
returns  two  sounds,  one  ite  proper  musical  pitch,  and  another 
"an  octave  above  this,  which  list  is  the  note  given  in  the  experi- 
ment 


)N  THE   DISTURBAXCE   OF   MOLECrLAR   FORCES  BY   MAGNETISM. 


■     *  A  short  article  on  this  subject  appeared  in  the  last  numl>er  of 
^■this  journal  under  the  caption,  ^'  Galvanic  My  sic.''    The  following 
■experiment  (as  witnessed  by  yourself  and  others  not  long  since) 
^f  affords  a  striking  illustration  of  the  curious  fact,  that  a  ringing 
sound  accompanies  the  disturbance  of  the  magnetic  forces  of  a 
steel  bar,  provided  that  bar  is  so  jx)ised  or  suspended  as  to  ex- 
hibit acoustic  vibrations.     An  electro-mr^etic  bar  four  and  a 
half  inches  in  length,  making  five  or  six  thousand  revolutions 
per  minute,  near  the  poles  of  two  horseshoe  magnets  properly 
suspended,  produces  such  a  mpid  succession  of  disturbances  that 
the  sound  becomes  continuous  and  much  more  audible  thnn  in 
the  former  expenment,  where  only  a  single  vibration  was  pro- 
.  duced  at  a  time. 


TONES  PROnrCED   nV   ELECTRICAL  CtlRREXTa 

■  Mr.  Page  was  the  fii-st  to  discover  that  an  iron  bar,  at  the 
aent  it  became  magnetie.  through  the  galvanic  cnn-ent,  gave 
,  peculiar  tone,  and  this  fact  has  since  been  confinned  by  Mr. 
)ele35enue» 


5  C.  0.  Pnge,  Saiiinflii*9  Joiimal,  voL  xxxiiL,  p.  118,  October,  I  WIT. 

»  W.  Werlheim.     AiirmUiu  dcr  Physic  and  Cht-iiiic,    LXXVIL,  June^  l!^41». 
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Without  hieing  aware  of  this  disoovery,  I  published,  in  1 
trrntL^o  in  whi<.'h  I  dealt  with  seveml  questions  relating  to  this 
subject.     In  this  work  I  atte!npted  to  prove; 

1st  That  the  electrical  current  causes  a  temporary  weakeuiug' 
of  the  coeiheient  of  the  elasticity  of  imn. 

2d,  That  likewi.se  the  magnetization  is  accompanied  b}^  a  v« 
sli^dit  deen:'ase  of  the  cncffieieutof  the  elasticity  of  tlieiron,  whi 
diminishes  only  partially  when  the  magnetizing  current  is  in 
nipted,  and  that  tliis  result  does  not  manifest  itself  at  once, 
only  upon  the  continued  action  of  the  currents 

The  jiroduetion  of  sound  tlirough  the  outside  current  (that  is? 
a  enn-ent  whif^h  passes  through  a  helix  in  whose  axis  is  an  iron 
bur  or  ext^^iiderl  iron  wire)  wa^^  tii^t  accurately  noticed  by  Mf> 
Mam  an. 

According  to  these  physicists,  the  sound  produced  was  idew 
with  tliat  ol>tained  by  striking  the  rod  on  either  «>f  its  ends  ii 
direction  of  its  axis.  Striking  the  rod  sideways,  however, 
not  trive  the  same  rt\sult 

Mr,  Marrian  also  noticed  that  other  meUds,  under  the  saxue  con- 
ditions  as  iron,  did  not  give  any  sound,  and  that  the  sounds  from 
rofls  of  the  same  dimensions,  whether  of  iron,  tempered  steel  or 
magJietized  steel,  were  identieah 

Mr.  Matteucci  has  repeated  these  experiments  with  wires  as  well 
as  iron  l>ars.  attempting  especially  to  establish  the  relation  Ijietween 
the  strength  of  the  current  and  the  intensity  o(  the  sounda 
has^  however,  been  in  some  doubt  iis  to  the  character  and  vali 
of  the  sounds. 

Messrs.  De  la  Rive  and  Beatson  individually  made  the 
covery  that  the  current  which  passes  dira'tly  through  an  iron 
wire  produces  a  sound  therein.  In  one  of  h)s  later  treatises, 
De  la  Kivc  has  gi\'en  a  minute  description  of  a  series  of  ex 
raents  with  vari<ms  combined  cunTUts  on  difierent  metals 
Tinder  diilereut  conditions. 

Mr.  Guillemen  made  an  interesting  experiment  the  I'cst? 
which  contirms  my  ex]>eriments  already  mentioned.     lie  fouu«l 
that  a  weak  iroa  bar  whiehj  surrounded  by  a  helix,  is  fixed  at 
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oae  of  its  ends  in  a  horizontal  position  and  at  the  other  end  U 

ied  with  a  light  weighty  visibly  straightens  itself  when  a  cur- 
fbnt  piu'^ses  through  the  helix,  Mr.  Guilh*raen  attributes  this 
movement  to  a  terapomry  increase  of  the  elasticity  of  the  iron 
effected  hj  magnetization. 

At  the  mme  time  I  delivert^d  to  tlie  academy  a  short  note,  in 
which,  without  entering  into  xhv  dctiiils  of  the  experiments  I 
exph'iined  the  results  which  I  hail  obtained,  and  how,  ixceording 
to  my  opinion,  the  sounds  were  to  l>e  accounted  for.  The  ]>res- 
ent  treatise  contain.s  devel*ipnients  and  pru<:>fs  to  sustain  the 
opinions  given  by  me  at  that  time.  It  seems  superfluous  to 
repeat  here  the  discussion  wljich  occurred  at  the  time  of  writing 
this  note,  between  Messrs.  De  la  Rive,  Guillemeu  mid  Waitmann. 
I  desire  simply  to  say  that  the  last  named  scientist  was  the  fii-st 
to  notice  tJiat  a  current  jtassing  through  a  wire  may  pix>duce  a 
gound  without  there  being,  in  tlie  wire,  a  resistance  of  any  amount 
to  opposa  Sound  may  therefore  he  produced  as  well  in  an  iron 
Imr  as  in  an  extended  iron  wire,  heat  having  only  an  insigniii- 

it  part  to  play  in  tlie  phenomenon. 

''Later  on  Mr.  De  la  Bive  sent  a  treatise  to  the  Royal  Society,  in 
London,  which  dealt  with  a  ]>aii  of  this  subjtHi^L  After  admit- 
ting that  no  sound  is  produced  by  a  current  passing  through  any 
tnetal^  otlier  thau  iron,  he  goes  on  to  describe  a  new  class  of  facta 

All  conductors,  when  exposed  to  the  influence  of  a  powerful 
electro-nijignet,  give,  at  the  moment  of  the  passage  of  an  inter- 
rupted electrical  cutTcnt,  a  very  distinct  sound,  similar  to  that  of 
Savart  s  cogged  wheel  The  influence  of  magnetism  on  all  con- 
ducting bodies  seems  to  consist  in  its  imparting  to  the  latter, 
similar  properties  to  those  possesseil  by  iron  in  itself ;  thus  devel- 
oping  in  these  conductoi"s  the  property  of  emitting  soirnds  which 
are  similar  to  those  given  by  iron  and  other  metals  witliout  aid 
fi-om  the  action  of  a  magnet 

VIBRATIONS  op  TRE^^LYAN  S  BARS  BY  THE  GALVANIC  CURKENT. 

^  The  vibrations  of  Ti'evelyan  s  bars  by  the  action  of  heat  is 
an  experiment  more  interesting  than  familiar,  and  one  which 

I  Silliman's  Journal,  1860.    VoL  Ix.,  p.  105. 
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has  been  yarioiisl y  and  vaguely  explained  by  most  authors.  It 
will  not  Vie  necessary  for  me  to  recapitulate  the  several  descrip- 
tiony  and  solutions  of  this  pbcnoinenon^  as  the  novel  exjieri- 
ment  about  U>  be  detailed  will  embrace  substantially  the  whole 
subject 

About  a  ymr  since^  while  exhibiting  tn  a  class  tlie  vibration 
of  these  bars  by  heat,  it  becaiue  incouveiiieot  to  prolong  the  ex- 
periment, as  the  vibration  ce^nes  as  soon  as  the  temi>emture  of 
the  bar  is  somewhat  reduce<b  and  I  was  induced  to  seek  for 
some  method  by  which  the  vibratory  motion  coidd  be  produced 
and  continued  at  }»leiisure  without  the  trouble  of  reheating  the 
liars  for  each  trial  After  various  fruitless  efforts  I  ol>tained  a 
most  beautiful  result  by  using  the  heating  i>ower  of  a  galvauia 


Itg.  62. 

current  Fig  62  shows  the  mode  of  perfonning  the  experi- 
ment with  the  baitery.  A  and  B  are  the  two  forms  usually  given 
to  Trevelyaifs  bat's,  which,  when  to  be  vibrated  by  the  action 
of  heat,  are  made  of  brass,  and  weighing  fn>m  one  to  two 
pounds,  and  after  l)eing  sufficiently  heated  are  placed  uix>n  a 
cold  block  of  lead,  as  seen  in  tig.  63.  The  two  bars  may  l>e 
placeil  uj>on  the  same  block,  though  the  vibrations  are  apt  to 
interfere  when  two  are  used.  When  the  bai^s  are  to  vibi'ate  by 
liie  galvanic  current^  they  may  he  of  the  same  size  and  fonn  as 
shown,  and  of  any  kind  of  metal— braas,  or  copper,  or  iron,  how- 
ever, seeming  to  l>e  most  convenient.  One  or  both  of  the  bore 
may  be  placed  at  once,  without  i-eference  to  tem{)erature,  upon 
the  stand,  as  in  fig.  62,  the  bars  resting  upon  metallic  rails  E  " 
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Whi 


which  latter  are  made  to  communicate  each  with  the  poles  of  a 
Iv^aiiic  battery  of  some  considerable  heating  power.  Two 
iirs  of  DaiiieU's,  of  Smee's,  or  of  Gmve's  battery  of  large  size 

I  are  sufficient  Tlie  batter\^  I  empb»v  coni^ii^ts  of  two  pairs  of 
Brove's,  with  platinum  plates  four  inches  square.  The  vibration 
■rill  proceed  with  great  rapidity  as  l<nig  as  the  galvanic  current 
p  sustaineiL 
In  fig.  63  one  pole  of  the  l)attery  is  coimeeted  with  the  metallic 
Klock»  and  the  other  pole  with  mercury  in  a  little  cavity  in  the 
entre  of  the  vibrating  bar.  The  exf)eriment  succeeds  much 
etter  with  the  rails  as  in  fig.  62,  and  quite  a  number  of  bai's 
lay  be  kept  in  motion  by  increasing  the  number  of  rails,  and 
passing  the  current  from  one  to  the  other  through  the  bars  rest- 
ing upon  them. 


Fig.  63. 

The  rails  are  best  made  of  brass  wire,  or  a  strip  of  sheet  bitiss, 
though  other  metals  will  answer — the  harder  metals  which  do 
not  oxidate  readily,  however,  being  preferred.  A  soft  metal^ 
like  lead,  is  not  so  favorable  to  the  vibrations  in  this  ex  peri- 
ent,  although  in  Trevelyan's  exxieriment  lead  seems  to  be 
most  the  only  metal  that  will  answer  to  support  the  bar,  which 
IS  usually  made  of  brass. 

Prof.  Graham  and  other  authors  have  attributed  the  vibration 
Trevelyan's  bars  to  the  repulsion  between  heated  bodies,  and 
ers  have  classed  the  jihenomenon  vp'ith  tlte  spheroidal  state  of 
leated  bodies.  I  do  mi  consider  that  any  repulsive  action  is 
anifestcd  or  necessary  in  either  of  these  cases,  nor  do  I  know 
un>^  instiince  in  which  a  re]Hilsion  has  been  proved  between 
eated  bodies.  It  is  obvioiLs  some  other  solution  is  required  for 
is  curious  j>heoomenon,  and  it  appears  to  me  that  the  motion 
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is  due  In  an  expausion  of  the  metallic  block  at  tbe  point  of  con- 
tact, and,  n\nm  tliis  supposition,  it  appears  plainly  why  a  block 
of  lead  is  required  That  is,  a  metal  of  low  cini ducting  ix>wer 
aTid  liigh  expanailjility  is  necessary,  and  lead  answers  these  con- 
ditions T>est  In  a  future  communication  I  will  analyze  this 
matter  and  expluiu  more  fullj. 

The  size  of  the  bara  may  be  very  much  increased  when  the 
galvanic  ciirreiit  is  employed,  and  some  curious  Jnotions  are  ob- 
served when  long  and  lai-go  cylindei's  of  metal  are  usei  If  thej 
are  not  exactly  balanced,  which  is  almost  always  the  case,  they 
eonnneoce  a  slow  rolUng  back  and  foith,  until  finally  they  roll 
entirely  over,  and  if  the  rails  were  made  very  long  they  would 


Fig.  G4. 

go  on  over  the  whole  length.  Aji  inclination  of  the  mils  is  re- 
quired in  this  case,  but  it  may  Ije  so  slight  as  not  to  be  percep- 
tible to  the  eye. 

If  a  long  rod  of  some  weight  be  ^'laced  across  one  of  the  bars, 
as  shown  in  lig.  64,  the  vibrations  will  become  longer,  and  by  way 
of  anniscment  I  have  illustrated  this  with  a  galvanic  see-saw,  as 
it  may  be  tenned 

It  is  well  known  that  where  mere  contact  (without  metallic 
continuity)  is  made  by  metals  conveying  the  galvanic  current, 
the  metals  become  raowt  heated  at  the  points  of  contact,  and  if  the 
current  be  frequently  broken  the  heat  at  these  points  is  still  moi'e 
augmented*     It  is  for  this  reason  we  are  able  to  use  various 
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kinds  of  metalB  for  the  experiment  without  reference  it;  their 
contlncting  powers  and  expansibihties. 

VIBHATORY  MOVEMENl^  AND  MOLECULAR  EFFECTS  DETER- 
MINED IN  MAGNETIC  BODIES  BY  THE  INFLUENCE  OF  ELEC- 
TRIC  CTIRRENTa 

*  Mr.  Page,  an  American  philosopter,  had  observal,  in  1837» 
that  on  bringing  a  flat  spiral^  tmverse<l  l>y  an  elr^tric  current, 
near  to  the  jK>le  of  a  powerful  inagnet,  a  soun<l  is  proihiecd. 

M,  Delezenne,  in  France,  also  succeeded,  in  1838,  in  producing 
a  sound  by  I'evolving  a  soft  iron  armature  rnpidly  before  the 
poles  of  a  hor^ieshue  magnet  In  1843,  I  myself  remarked  that 
plates  or  rods  of  iron  give  out  a  very  decided  sound  when  placed 
in  the  interior  of  a  helix  whose  wire  is  travei^sed  by  a  powerful 
electric  cunf^nt;   Imt  oidy  at  tlie  moment  when  the  ciiTuit  is 

^closed,  and  when  it  la  interrupted, 

Mr.  Gassiut,  in  London,  and  Mr.  Muiriiin,  iu  Binaingham, 
had  also  maile  an  analogous  experiment  in  1844.  AttJiljuting 
this  singuiur  phemtmenon  to  a  change  bnmglit  about  by  the 

[  magnetism  in  the  molecxilar  cont^titiition  of  the  inagnetizefl  body, 
I  went  through  a  gi^it  number  of  exi>eriments,  in  oitler  to  study 
this  interesting  subject. 

It  ij3  above  all  things  impoitjint,  in  order  to  obtain  a  numerous 

'series  of  vibrations^  to  Tk3  provided  with  a  means  of  interrupting 
imd  of  completing,  many  times  in  a  very  sliort  space  of  time,  the 
circuit  of  which  the  wim  that  transmits  thecuiTent  forms  a  pait; 
in  otlier  words,  to  render  a  current  di.'^continuous  or  continuous. 
With  this  view,  I  made  use  of  one  of  the  numerc»us  apparatus 

[  called  rheotoraes,  or  cut-current-s^  and  which  am  intended,  when 
placed  in  the  citvuit^  to  i-ender  a  current  discontinuous.  One 
of  tlie  most  convenient  (%*  65)  consists  of  a  horijioutal  rod, 
carrying  two  needles,  inserted  peqiendlcnlarly  and  pamllel  with 


1  TreatiAt)  on  Eiectricity  iti  Theorj'  and  Prtictico,  by  Aug.  Du  Ja  Klvo. 
13;  pagcB  ^Hi  to  d*Jl  iiidu^ivt:. 
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eacli  other^  so  armngeJ  that  wljea  they  are  immersed  simultaDe- 
oLisly  in  two  capsules  filled  with  mercury,  and  insulated  from 
each  others  the  circuit  is  closed ;  and  when  they  are  not  immersed, 
it  If*  open.  A  cloi-k  work  movement,  or  simply  a  winch  moved 
by  the  hand,  gives  a  rotatory  movement  to  the  axis ;  whence  it 
follows  that,  in  a  given  time^  a  second  fi>r  example,  the  circuit 
may  be  closed  or  interrujited  a  gi*eat  number  of  times.  The  ap- 
paratus of  fig.  65  presents  four  needles  instead  of  two,  and 
Cfjnsequently  four  compartments  corresponding  with  the  four 
needles.  We  shalj  have  occasion  hei-eafter  to  see  the  use  of  the 
second  systi/rn  of  two  needles :  for  the  present,  a  single  one  is 
sufficient;  and,  consecpiently,  in  all  the  experiments  that  will 
follow,  in  order  to  place  it  in  the  circuit,  we  shall  employ  indif- 
ferently either  the  one  that  is  nearest  to  the  clock  work  move- 


Fv/,  65» 

ment  or  the  one  that  is  most  distant  Tliere  is  a  risk  of  the 
mercury  being  projected  when  the  movement  is  too  rapid ;  to 
]>revent  this  inc<:mvenience,  we  must  cover  the  capsules,  the 
needles,  and  the  axis  that  carries  them,  with  a  small  glass  shade. 
When  the  current  is  very  powerful,  the  mercury  is  oxidized  by 
the  effect  of  the  sparks  that  occur  at  the  moment  when  the 
needles  emerge ;  in  this  case  it  is  necessary  to  remove  the  oxide, 
or  to  change  the  mercujy.  We  may  do  without  mercur>^,  and 
supply  its  place  by  two  elastic  rnetal  plates  resting  on  a  cylinder, 
or  on  the  circumference  of  a  varnished  wooden  or  ivory  wheel, 
in  the  edges  of  which  are  inserted  small  pieces  of  metal,  in  me- 
tallic communication  together.  When  the  elastic  plates,  by 
means  of  the  rotation  of  the  cylinder  or  of  the  wheel  upon  its 
axis,  come  in  contact  with  the  metal  part  of  the  surface,  the  cir- 


BLECTRICAL   BHBOTOHE. 


119 


I 


cuii  is  closed;  when  the  contact  with  this  metal  pail  ceaaes, 
which  occurs  when  tlie  contact  is  with  the  wood  or  ivory,  the 
ciiicuit  is  opea  It  is  necessfiry  in  this  case  that  the  two  plates, 
as  were  the  mercury  cups  in  the  preceding  case,  shall  lie  in  the 
cmiiBe  of  the  circuit,  that  in,  t*3  traverse  the  wire  of  the  helix^  and 
ihall  press  stix>ngly  against  the  ciroaniferena\ 

We  may  also  interpose  in  the  course  of  the  current  merely  a 

toothed  wheel  ami  an  elastic  metal  plat*^,  which  presses  upon  the 

teeth  of  the  wheel  (fig,  66)»    By  giving  the  wheel  a  movement 

upon  its  axis,  we  cause  the  plate  to  leap  from  one  tooth  to 

another ;  each  leap  produces  a  rupture  in  the  circuit,  which  is 

losed  again  immediately  afterwarda     The  musical  tone  given 

ut  by  the  plate,  when  we  have  no  other  means  of  measuring  it 

us  exactly  the  number  of  times  that  the  circuit  has  been 

med  and  closed,  that  is  to  say,  interrupted,  in  a  second.     I 


ibave  dwelt  upon  these  several  kinds  of  rheotomes  because  we 
ifrequently  make  use  of  one  or  the  other  of  theuL  For  the  pres* 
lent,  we  shall  apply  them  to  tlic  study  of  the  vibmtf)ry  movement 
r experienced  by  magnetic  bodies  under  the  influence  of  discon- 
tinuous currents. 

When  we  plat^e  a  magnetic  but  unmagnetized  body,  such  as 
Kron  or  steel,  in  the  interior  of  a  bobbin,  this  botly  experiences 
eery  remarkable  vibratory  movements,  as  so<:>n  as  we  pass  a  series 
Df  discontinuous  currents  through  the  wire  with  which  the  bobbin 
encircled  These  movements  are  made  manifest  under  the 
of  very  decided  and  varied  sounds,  when  the  body  has  a 
BvUndriral,  or  even  im  elongated  form.  The  sound  is  less  de- 
cided, but  moreshurj)  and  more  metallic,  with  steel  than  it  is  with 
:>£t  ii'on*  Whatever  be  the  form  or  the  size  of  the  pieces  of  soft 
iron,  two  sounds  are  always  to  be  distinguished ;  one  a  series  of 
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blows  or  shocks,  more  or  leaa  dry,  and  very  analogooB  to  the 

noise  made  by  rain  when  falling  on  a  metal  roof ;  these  blows 
exactly  cori-espond  to  the  alteriintions  of  the  passage  and  the  in- 
terraptioii  of  the  current;  the  other  sound  is  a  musical  sound, 
corresponding  to  those  which  would  be  given  by  the  mass  of  iron, 
by  the  effect  of  the  transverse  vibrations.  We  must  take  care  ia 
these  sounds  to  distinguish  those  that  are  due  to  the  simple  me* 
chanical  action  of  the  current  upon  the  iron — an  action  whidi, 
being  exercised  thmughout  the  entire  mass,  may  deform  it,  and 
consequently  produce,  by  its  very  discontinuity-,  a  succession  of 
vibrationa    However,  this  is  not  sufficient  for  the  explanation  ol 


all  the  sounds;  and  we  must  admit  that  there  is,  in  addition 
molecular  action,  namely  that  the  magnetization  detcnnine8  a 
particular  arrangement  of  the  molecules  of  the  iron,  a  rapid  suo 
cession  of  magnetizations  and  demagnetizations  gives  rise  to] 
series  of  \ibnitions.     IIow,  for  example,  can  we  otherwise  exp 
the  very  clear  and  brilliant  musical  sound  given  out  by  a  cy 
drical  mass  of  iron  4  inches  in  diameter,  and  weighing  22  1 
when  placed  in  the  interior  nf  a  large  helix  (tig.  67),  while  ■ 
versed  by  a  discontinuous  ciuTcnt  ?  Rods  of  iron  half  an  inch  and 
upwards  in  diameter,  when  fixed  by  their  two  extremities,  also 
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give  out  very  decided  sounds  under  the  same  influence.  But  the 
most  brilliant  sound  ijs  that  which  is  obtained  by  stretching  upon 
a  sounding-bofird  well  aimealed  wires,  one  or  two  twentieths  of  an 
inch  in  diameter  and  a  yut*d  or  tw^o  in  length.  They  are  placed 
in  the  axis  of  one  or  sevei-al  lx>l)bins,  tlie  wires  of  which  ai-e 
tmversed  by  electric  currents,  and  they  produi-e  an  assemblage 
of  sounds,  the  effect  of  which  is  suqirising,  and  which  greatly 
resembles  that  to  which  several  chnrch  bells  give  rise  when 
L  vibrating  harmomcally  in  the  distance*  In  ordor  Ui  obtain  this 
I  effect  it  is  necessary  that  the  succession  of  the  cun-ents  be  not 
too  rapid,  and  that  the  wires  be  not  too  higlily  strained-  With 
a  wire  5  feet  2  inches  in  length,  and  j^  inches  iii  diameter,  I 
.found  that  the  maximum  of  effect  occui's  when  it  is  stretched  l)y 
|ta  weight  of  from  57  lbs,  to  117  lbs.,  if  it  is  annealed;  and  from 
641ba  to  126  Uk,  if  it  in  hardened.  Beyond  these  limits,  in  pro- 
portion US  the  tension  inci'east^s,  the  t*.)tal  intensity  and  the  num- 
l)er  of  different  sounds  notably  diminish  ;  and,  at  a  certain  dt^gree 
of  tension,  we  no  longer  hear  the  ^und  due  to  the  transverse 
vibrations,  ])ut  simply  that  arising  from  the  lon.ifitudinal  vibra- 
tions.    The  reverse  occur-s  when  the  wire  is  slackened. 

Sounds  entirely  analogous  to  those  we  have  been  describing 
may  l>e  produced  by  passing  the  discontinuous  electric  cuiTent 
through  the  iron  wire  itself.  We  remark,  in  like  manner,  a  se- 
ries of  dry  blows,  corresponding  to  the  interruptions  of  the  cur- 
rent, and  stronger  and  more  sonorous  musical  sounils,  in  some 
cases,  than  those  that  are  obtained  by  the  magnetization  of  the 
wire  itself.  This  superiority  of  effect  is  especially  manifested 
when  the  wire  is  well  annealed,  and  of  a  diameter  of  about  one 
twelfth  of  an  mch;  for  gi-eater  or  less  diameters,  the  magnetiza- 
tion by  the  helix  produces  more  intense  effects  than  those  which 
result  from  the  transmission  of  the  current  Moreover,  the  same 
circumstances  that  influence  the  nature  and  the  force  of  the 
I  sound  in  the  former  case,  exercise  a  similar  influence  in  the 
latter.  The  transmission  of  tlie  discontinuous  current  produces 
sounds  only  when  transmitted  through  iron,  steeh  argentine,  and 
naagnetic  bodies  in  general  j  but  in  different  degrees  for  each, 
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depending  on  the  coercitive  force  that  opposes  the  pheooc 


€Don. 

Wires  of  copper,  platinum,  silver,  and,  in  general,  any  metals 
except  tlie  magnetic,  do  not  give  forth  any  sound,  whether  undc 
the  influence  of  tmnsmitted  currents,  or  under  that  of  ambient 
currents,  such  as  the  currents  that  traverse  the  convolutions  of 
a  wire  coiled  into  a  helix  around  a  boblnn.  The  sound  that  is 
pixxluced  when  a  discontinuous  electric  current  is  made  to  pass 
in  an  iron  wii*e,  explains  a  fact  that  had  been  for  a  long  period 
observed,  and  had  been  described  as  far  back  as  1785,  by  the 
Canon  Gottoin  de  Coma,  a  neighbor  and  a  con  tern  |x>rary  of 
Volta.  This  fact  is»  that  an  iron  wire  of  at  le.ast  ten  yards  in 
length,  when  stretched  in  the  open  air,  spontaneously  gives  forth 
a  sound  under  the  influence  of  certain  variations  in  the  state 
of  the  atmosphere.  ^^ 

Tlie  circumstances  that  accompany,  as  well  as  those  that  favol^^ 
the  proiluction  of  the  phenomenon,  demonstrate  that  it  must  be 
attributed  to  the  transmission  uf  atmospheric  electricity.  Tliis 
transmission,  in  fact^  does  not  cjccur  in  a  continuous  manner, 
hke  that  of  a  current,  but  rather  by  a  series  of  discharges.  Now, 
Mr.  BeatsoQ  has  demonstrated  that  the  discharge  of  a  Leyden 
jar  through  an  iroji  wire  causes  this  wire  to  produce  a  sounds 
provided  it  does  not  occur  too  suddenly,  but  is  a  little  retarded 
by  passage  through  a  moist  conductor,  such  as  a  wet  string. 

The  sounds  given  out  by  iron  wire  and  by  magnetic  bodies, 
under  the  circumstances  that  we  have  been  describing,  seem  to  in- 
dicate, in  an  evident  manner,  that  magnetism  produced  by  the  in- 
fluence of  an  exterior  current,  as  well  as  by  the  direct  transmis* 
fiion  of  a  current,  determines  in  them  a  modification  in  the  ar- 
rangement of  tlicir  particles,  that  is  to  say,  in  their  molecula 
constitution.  This  modification  ceases  and  is  constantly  pr 
daced  again  by  the  effect  of  the  discontinuity  of  the  currentj 
whence  results  the  production  of  a  series  of  vibrations,  and  con- 
sequently different  sounds. 

A  great  number  of  observations,  made  by  different  philoso- 
phers, have  in  fact  demonstrated  in  a  direct  manner  the  influenoe 
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0t   magnetization  upon   the  molecular  properties  of   magnetic 
bodieSL     M.  de  Wertheim,  in  an  extensive  work  on  the  elasticity 
of  metals,  had  already  obsen'ed,  that  magnetization  produced  by 
[means  of  a  helix  whose  wire  is  travei-sc-d  by  the  electric  current 
produees  a  diminution  in  the  coefficient  of  elasticity  in  iron  wire 
[and  even  in  steel ;  a  diminntion  wliicli,  in  the  bitter  at  least  ve- 
Imainji  in  part  even  after  the  intcrniption  of  the  current     M. 
rnillenxin  ha?  also  remarked  moie  recently,  that  a  bar  of  soft 
Kron,  fixed  by  one  of  its  extremiiies  whilst  the  other  is  fi'ee,  and 
kwhich,  instead  of  remaining  horizontal^  i.n  curved  by  the  eifect 
of  Its  own  weight,  or  by  that  of  a  small  additional  weight,  im- 
mediately raises  itself,  wlien  the  current  is  made  to  pa«Ls  in  the 
7\re  of  a  helix  with  which  it  is.  surrounded,  which  helix  is  itself 
raised  up  with  the  bar,  all  the  movement*?  cjf  whic'h  it  follows, 
since  it  is  coiled  around  it     This  experiment  ]X)ssei4ses  thin  im- 
3rtant  feature. — it  shows  the  magnetization  determines  a  modi- 
Scation  in  the  molecjjjar  state  of  iron  ;  for  it  cannot  be  explaiaed 
by  a  mechanical  action,  which  could  only  o<^!Cur  if  the  helix  is 
idependent  of  the  Imr. 

Furthermore,  an  English  jihilosopher,  Mr.  Joule,  succeeded  in 

Jetermining  the  intiiience  that  magnetization  can  exerci.^  over 

the  dimensions  of  Ix  kUcs.     By  placing  a  soft  iron  bar  in  a  well 

closed  tube,  tilled  with  water  and  surmounttH:!  by  a  capillary 

tube,  he  first  satisfied  himself  that  this  bar  experienced  no  varia- 

:ion  of  volume  when  it  was  magnetized  by  means  of  a  powerful 

dectric  current,  which  traversed  all  the  coils  of  an  enveloping 

belix-     In  fact,  the  least  variation  of  volume  would  have  been 

Setected  by  a  change  of  the  level  of  the  water  in  the  **apillary 

lube;  now  not  the  slightest  is  observed,  however  powerful  the 

nagnetization  may  1)6.     This  result  is  in  accordance  with  what 

M.  GayJjussac  had  discovered  by  otlier  methods,  and  with  what 

.M.  Wertheim  liad  also  obtained  by  operating  very  nearly  in  the 

l«ame  manner  as  Mr.  Joule.     But  if  the  total  volume  is  not 

[altered,  it  is  not  the  same  for  the  relative  dimensions  of  the  bar, 

h,   under  the  influence  of   magnetization,  ex|>erienccs  an 

sase  in  length  at  the  same  time  as  it  docs  a  diminution  in 
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diameter,  at  least  within  certain  limits.  It  was  bv  means  of  a 
very  delicate  apparatus,  similar  to  the  instrument  employeil  in 
measuring  the  dilation  of  solids,  that  Mr.  Joule  discovered  that 
u  soft  iron  bar  experiences  a  decided  elongation,  which  is  about 
7  8  0^0  0  0^^^  ^^  ^^  ^^1  length,  at  the  moment  when  the  current  bv 
which  it  is  magnetized  is  established,  and  a  shortening  af  the 
moment  when  it  is  interrupted.  The  shortening  is  less  than  the 
lengthening,  because  the  bar  always  i-efciins  a  certain  degree  of 
magnetism.  It  would  a))pear  that  the  lengthening  is  propor- 
tional, in  a  given  bar,  to  the  square  of  the  intensity  of  the 
magnetism  that  is  developed  in  it  When  we  make  use  of  iron 
wires  instead  of  bars,  it  may  hai)];>eu  that  it  is  a  shortening,  and 
not  a  lengthening,  that  is  obtained  at  the  moment  of  magnetiza- 
tion. This  change  in  the  nature  of  the  effect  is  observed  when 
the  degree  of  tension  to  which  the  wire  is  subjected  exceeds  a 
certain  limit 

Thus  an  iron  wire,  12^  inches  in  length  bv  ^  inch  in  diameter, 
distinctly  lengthens  under  ihe  influeuoe  ot  the  magnetism,  so 
long  us  it  is  not  exposed  to  a  greater  tension  than  772  lbs. ;  but 
the  less  so,  however,  as  it  approaches  nearer  to  this  tension. 
Setting  out  from  this  limit,  and  for  im-reasing  tensions,  which  in 
one  experiment  were  carried  up  to  17*>-i  lbs.,  the  wire  was  con- 
stantly seen  to  shoiten  at  th(»  moment  when  it  was  magnetized. 
Tension  exercises  no  inHuenee  over  liighly  tempered  steel:  >o 
there  is  never  any  elongatior,  but  merely  a  shortening,  which 
commences  when  the  force  of  the  current  exceeds  that  which  is 
neceF.^sary  to  magnetize  the  bar  to  saturation. 

M.  Wcrtlieim,  on  liis  })art,  at  the  close  of  long  an<l  minute 
researches,  succeeded  in  analyzin»r  the  mechanical  effects  tliat 
are  manifested  in  magnetization.  He  found  that,  when  an  iron 
bar  is  Jixed  by  one  ot  its  extremities,  and  the  bobbin  is  so  placeil 
that  its  axis  coincides  with  that  of  the  V>ar.  no  lateral  movement 
is  observe<l,  but  merely  a  very  small  elongation,  which  rarely 
exceeds  .OoOlH  inch.  This  elongation  is  the  greater  a^  the  bob- 
bin is  situated  nearer  to  the  free  extremity  of  the  bar,  and  dim- 
inishes in  i)r<jj>ortion  as  it  approaches  the  point  by  which  it  is 
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fixed.    When  the  bar  ceases  to  be  within  the  axis  o£  the  bobbin, 

the  elougation  still  i-emains:   hut  it  is  aci'nmpanie<l  by  a  hiteral 

movement  in  the  direction  of  tlie  melius  of  the  bobbin.     The 

bobbin  that  was   employed   by  M.  Wertheiin  was  9.84  inches 

I  long,  and  7  inche^s  in  interior  diameter;  glasses  of  a  magnifving 

>wej'  of  about  20  diameters,  and  containing  two  steel  wiresi 

Jwere  used  to  measure  the  elongation  and  the  lateral  displace- 

iienL    This  disjilaoement,  or,  what  comes  to  the  same  thing,  the 

[versed  sine  of  tlie  curv^ature  of  the  bar,  measured  at  its  extremity, 

Lwas  detemvined  for  flifferent  intensities  of  current;  and  it  ap- 

Ipeared  that  it  was  in  geneml  pro|K>rtiona!  U>  this  intensity,  but 

lit  varied  for  each  position  of  the  bar  in  the  interior  of  the  bob- 

Ibin.     However  it  may  t>eT  we  are  a1>le  to  find  for  each  of  these 

Ijiositions  the  mechanit^al  equivalent  of  the  unit  of  the  intensity 

of  the  current^  namely,  the  weight  which,  when  applied  at  the 

extremity  of  the   l:>ar,   would   producn   the  same  versed  sine. 

Thus,  for  example,  by  calling  the  length   of  the  part  of  the 

radium,  comprise*!  between  the  fixis  of  the  bar  and  the  axis  of 

the  bobbin  D,  the  versed  sine  of  the  curvo  y]  the  weight  that 

would  produce  the  same  versed  sine    P,  the  fallowing  results 

have  been  obtained  by  acting  .successively  ujkui  three  bars  of 

iron,  the  res|)t3Ctive  masses  of  which  were  100^  40.5,  and  26.5: 
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We  calculate  P  from  the  formula  P.=  Zx*i!,  in  which/is  the 

vereed  sine  of  the  curvature,  g  the  coefficient  of  elasticity,  which 

is  27,122,653  lbs.  avoirdupois  per  square  inch  for  soft  iron,  b  and 

iC  the  width  and  thickness  of  the  bar,  and  L  \\&  length  from  its 

liixed  point  to  its  free  extremity.     From  the  preceding  table  we 

ideduce  the  value  of  the  mechanical  forces  that  are  between 
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them :  for  D— 80,  as  100 :  41.71  :  22,81 ;  and  for  D=50,  as  100  : 
40.50  :  23.34.     So  we  may  conclude,  ^ince  tlie  masses  of  the 
three  Imrs  are  together  as  100  :  40.5  :  25.6,  tliat  the  etlect^  which 
is  here  an  attmction,  is  proportional  to  the  mass  of  iron  ujxjn 
which  the  current  is  acting.     We,  in  like  niatnier,  Had  that  it  is 
proportional  to  the  intensity  of  th<?  current ;  which  would  wml 
it  an  easy  manner  to  ocmstnict  upon  this  principle  a  very  sen&ih] 
gahTinometer,  hy  employing  a  plasmatic   hobbin  and  a  wi 
and  thin  iron  band. 

Thus,  all  the  experiments  that  we  have  been  relating  lead  us 
to  recognize  that  there  is  produced,  by  the  effect  of  magnetize 
tion,  a  mechanical  ti'action,  doc  to  a  longitudinal  component  am 
to  a  tmnsverae  component :   that  tlie  latter  becomes  null  wh' 
the  bar  is  situated  in  the  centre  of  the  helix ;  that  they  are  bol 
proportional  to  the  inten??itv  of  the  cm-rent  atid  to  tlie  mass 
the  iron. 

It  is  a  more  difficult  matter  to  verify  the  effect  of  the  trai 
mitted  current  than  that  of  the  exterior  current,  by  which  maar* 
netization  is  prodnccd.     In  fact,  in  the  former  case,  the  met-hji 
ical  effect  of  the  current  is  very  difficultly  sepaiuted  from  i 
calorific  effect.     However,  it  follows,  fi-om  j^ome  of  Mr.  Be-atsori1( 
experiment.'*,  that  an  iron  wire,  at  the  instant  it  is  put  into  tl 
circuity  apj>eai'S  to  undergo  a  .small  sudden  expansion,  and  on< 
very  distinct  from  the  flilatation  that  results  in  it,  as?  in  oth 
metals,  from  the  hcatinij  produced  by  the  passage  of  the  cun*ent 

These  mechanical  effects  being  once  well  studied,  we  can  re- 
turn, with  gT'cater  knowledge  of  the  cause,  to  the  study  itself  o^H 
the  sounds  that  accompany  both  magnetization  and  the  trans-^' 
mission  of  curiTnits. 

M.  Wcilheim  ha*s  iu  a  perfectly  aceumte  manner  ^'erified  the^H 
cxiHtence  oi  a  longitudinal  sound  in  an  iron  or  steel  Imr  wheir^^ 
placed  in  the  centre  of  helices  traveled  1  by  Lliscontinuoos  cur*  , 
rents.  This  s*3imd,  which  is  similar  to  that  producal  by  friction,^! 
is  due,  as  is  provefl  by  diivct  experiment,  to  vibrations  iunuallv^^ 

made  in  the  direction  of  the  axis.     With  wiiws  substituted  for 

bars  the  effects  arc  the  same,  except  that,  when  the  t^ 
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diminishes,  we  hear,  in  addition  to  the  longit^idinal  sound,  a  very 
l>eculiar  metallic  noise*  wliich  seems  to  run  along  the  wii'e,  a*s 
well  as  other  peculiar  noisesi.     With  transmitted  currents  we  also 
hear  the  longitudinal  sound ;  ami  it  ivmuins  neaiiy  the  same  in 
intensity  whether  the  current  trnversciB  only  a  part  of  the  har^  or 
traverses  ihe  whole ;  a  pi*tx)f  of  the  analogy  existing  between  the 
action  of  the  transmitte^l  cunTut  and  that  of  any  other  mechani- 
'•al  force^  such  as  friction :  equally  a  pnxjf  that  the  sound  is  not 
due  to  ^"ibrations  of  a  {jarticular  kind,  engendered  by  the  cuiTcnt 
The  longitudinal  sound  oceui^  equally  in  l>ars  and  in  wii^*s ;  but 
when  we  operate  with  wires,  if  they  are  not  well  stretehod,  the 
longitudinal  sound  is  accompanied  by  the  divers  noises  of  which 
vre  have  spoken,     Iii  line,  whethcM*  with  bars  or  wires,  eveiy  time 
the  current  Is  transmitted*  but  only  in  the  part^  where  it  pa^ses^ 
"vre  hear  a  dry  noise,  a  crepitation  similar  to  that  of  the  spark, 
and  which  is  transformed  iutc»  ii   distinct   sound  only  in  the 
stretched  portion,  if  it  is  a  wire  that  is  in  the  circuit     Such  are 
the  facts  established  by  M.  Wertlieim's  researches :  they  are  of  a 
nature  to  confinii  the  de^luetion  I  had  dniwn  before  him  fmm 
the  simple  study  of  the  sonomus  phenomenti,  namelyj  that  mag- 
netisation on  the  passage  of  the  electric  cunTut  pn:>duces  a  mole- 
cular derangement  in  magnetic  bodies^  and  that  the  sounds  arise 
from  the  oscillations  that  are  experienced  by  tlte  particles  of  IxKlies 
around  their  position  of  equilibrium,  under  the  influence  of  cur- 
rents, whether  exterior  or  transmitted.     But  what   now  is  the 
nature  of  this   molecular  derangement?  and  how  is  it  able  to 
determine  both  the  mechanical  effects  and  the  sonorous  effects 
that  we  have  describe*!?     When  the  action  of  exterior  currents 
is  in  question  we  nmy  form  a  tolerably  exact  idea  of  the  nature 
of  the  molecular  derangement  brought  about  by  magnetization. 
For  this  pui-pose  we  have  merely  to  refer  liack  to  tlie  experi- 
ment in  which  either  fragments  of  wire  or  iron  tilings  are  placecl 
m  the  interior  of  a  helix  whose  axis  is  vertical     As  soon  as  the 
current  is  made  to  jijiss  thniugh  the  wire  of  this  helix  the  frag- 
ments of  iron  wire  all  place  themselves  parallel  to  the  axis,  that 
is  to  say,  verticaUy,  and  the  filings  an^angc  themselves  in  small 
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elongated  prramids  in  the  direction  of  the  a^ris,  wliioh  desti 
thenisclvcg  and  lupidlj  form  again  %v hen  the  current  \h  ioteni 
tent.  The  action  of  the  helix,  tUei'cfnre,  upon  filings,  consists 
gmii|*mgthem  under  the  forms  of  tihunenls  parallel  to  the  axj,s — 
filamenli*  whieh  giiivity  alone  prevents  being  ius  long  a^s  the  helLx 
ittself.  This  experinient  succeeds  erpially  well  with  impalpable 
powder  of  imn  as  with  filings;  it  succeeds  equally  well  with 
powder  of  nickel  and  cobalt ;  only  if  the  current  that  travei'ses 
the  helix  isdi.seoiitinuou.^,  very  dilTercnt  effects  ai"e  observed  with 
each  of  these  three  ineUls— effects  that  depend,  as  to  their  par- 
ticular nfiture,  up^n  the  greater  or  less  number  of  interniptions 
wliieli  the  cnrreut  experiences  in  a  given  time.  The  pyramids 
of  filings  are  at  theii*  maximum  of  height  when  the  disk  that  sus- 
tains them  h  in  the  middle  of  the  helix.  They  turn  under  the 
influence  of  diseontiiuious  currents,  j>rt>viding  the  succession 
these  currents  is  not  too  rapid,  so  that  there  are  not  more  thi 
60  or  80  in  a  second.  With  160  there  is  no  longer  any  elTe 
These  tliiierences  are  indirectly  due  to  the  fact  that  the  soft 
iron  has  still  some  coercitive  force,  and  that  it  requires  a  certain 
time  for  magnetizing  and  demagnetizing.  By  comparing  under 
this  relation  iron^  nickel  and  cobalt,  all  reduced  to  an  inipalj>able 
powder,  and  pi^i>arcd  by  hydrogen j  we  find  that  nickel  still  maixi- 
fests  movement**  for  a  velocity  of  succe^iou  of  currents,  at  vr 
iron  ccast*8  to  manifest  any ;  and  that  cobalt,  on  the  oontrai 
ceases  to  manifest  them  before  iron,  whieh  is  quite  in  a<.'.cordai: 
with  what  we  know  of  the  coercitive  force  of  these  three  me 

Tlie  following  is  an  experiment  of  Mr.  Grovc*s,  whieh  demou 
strates  in  an  elegant  mannt^r  tliLs  tendency  of  the  pajtidcs  oi 
magnetic  bodies  to  group  themselves,  under  the  influence 
magnet issati on,  in  a  longitudinal  or  axial   direction.     A 
tul:>e,  closed  at  it^  two  extremities  by  glass  plates,  is  filled  wi 
water  holding  in  suspension  fine  powder  of  a  magnetic  oxide 
iron.     On  looking  at  distant  objects  through  this  tube,  we 
ceive  that  a  considerable  projiortion  of  the  light  is  interrupt 
by  the  irregular  dissemination  of  the  solid  particles  in  the  wat 
But'^  as  soon  as  an  electric  cm^rent  traverses  the  wire  of  a  helix 


rhe 
esl^^ 


la^     * 


grove's  expeuiments.  129 

with  which  the  tube  is  surrounded,  the  particles  of  oxide  arrange 
themselves  in  a  regular  and  symmetrical  manner,  so  as  to  allow 
the  larger  projwrtion  of  the  light  to  pass.  The  particles  in  thus 
case  are  not  small  fnigments  of  iron  wire,  artifically  disaggre- 
<j:ate<l  from  a  more  considerable  mass,  but  iron  precipitated 
chemically,  and  consec|uently  in  its  natunil  molecular  state,  such 
iis  constitutes  a  solid  bodv  by  its  aggrofjation. 

This  disposition  of  the  ])articles  of  iron  and  of  magnetic 
Unlies  to  approach  each  other  in  the  transvei-se  direction,  and  to 
extend  in  the  longitudinal  dircx*tion,  under  the  influence  of 
an  exterior  magnetization,  which  is  ])robably  due  to  the  form 
of  the  element.iry  m<^lec-uli»s,  and  to  the  manner  in  which  they 
are  polarized,  is  now  established  in  an  irrefragable  manner  by 
direct  and  purely  median  ieal  proofs. 

It  is  easy  to  see  that  it  accounts  in  the  clearest  manner  for  the 
production  of  sound  in  a  bar  or  a  wire  subjected  to  the  influence 
of  the  intermittent  current  of  the  helix.  The  particles  contend- 
ing against  cohesion  ariimge  themselves  in  the  longitudinal 
direction  when  the  cun-ent  acts,  and  return  to  their  primitive 
position  as  soon  as  it  ceases :  there  follows  ivoni  this  a  series  of 
oscillations,  which  are  iscx^hronous  with  the  intermittence  of  the 
current  All  these  effects  are  much  more  decided  in  soft  iron 
than  in  steel  or  hardened  iron,  because  the  particles  of  soft  ivon 
are  much  more  mobile  around  their  position  of  equilibrium. 

I  liave  also  remarked  that  both  iron  and  steel,  when  they  are 
already  magnetized  in  a  permanent  manner  by  the  cuirent  trans- 
mitted through  a  second  helix,  or  ])y  the  action  of  an  ordinary 
magnet,  do  not  experience  such  strong  \nbrations  when  the  dis- 
continuous current  tends  to  magnetize  them  in  the  direction  in 
which  they  are  alrexidy  magnetized,  but  stronger  ones  in  the 
contrary  casa  It  Ls  evident  that,  in  the  fonner  case,  the  par- 
ticles already  possess,  in  very  nearly  a  permanent  manner,  the 
position  that  the  exterior  action  to  w^hich  they  are  submitted 
tends  to  impress  upon  them ;  while,  in  the  latter  case,  they  are 
farther  removed  from  it  than  they  are  in  their  natural  position. 
Much  more  powerful  oscillations,  therefore,  ought  to  occur  to 


130 


THE  SPEAKING  TELEPHONE 


them  around  their  position  of  c^quilibriiim  in  the  latter  case,j 
less  powerful  ni  the  former,  than  wh<^n  they  aix^  in  their  nor 
position,  at  tlie  moment  when  the  <liseonlmuous  cuiTeni  ex«i 
ciseH  its  aetioii, 

Tlie  effects  of  the  transmitted  eiiiTent  are  due  to  an  actic 
of   the  same   order,   but  actii^g  m  a  diffei^eiit   dii'ection. 
order  to  analyze  tliis  action  well,  we  must   study  the  disti-i- 
bution   of    iron    iih'ngs   around   a  wu*e   of    iron,   or   of    any 
other  metal  trayei'sed  Iw  a  powerful  electric  current      Theae 
filings  always  place  theniselyes  so  as  to  form  lines  jieq^endicular 
to  the  direction  of  the  eiinent^  and  ronsequeutly  parallel  to  each 
other     Tills  is  very  readily  perceived  by  fixiu^^  tlje  conducting 
wire  ill  a  gi\X)ve  fomied  in  a  wo<xlen  plank,  crtvcred  with  a  sheet 
of  pajier  upon  w  hich  the  filings  ai*e  placed     Tlie  latter  arrange 
themselves  transversely  alxtve  the  wire,  wliatever  be  the  manner 
in  whicli  it  is  cun'cd,  funning  small  filaments  of  the  sixth  or 
eighth  of  an  inch  in  length,  ^vhich  present  op]x>site  ]X)les  at  their 
two  extremities.     When  the  eondiulinn:  wire  is  free,  these 
ments^  instead  of  ivniaining  rectilinear,  join  together  by  their 
edges,  and  envelop  the  surfac^e  of  the  wire,  fomiing  around  it  a 
closed  cun'e.  like  a  species  of  envelope  composed  of  rings  tl 
cover  each  other  and  are  pressed  against  each  other.     Now.  t] 
aiTangement  assumeil  l>y  the  particles  of  iron  filings  round  auj 
conducting  %vire,  iron  as  well  as  every  other  metal,  when  it  trai 
mits  a  current,  ought  to  be  in  like  manner  assumed  by  the  mol 
culcs  of  the  very  surface  of  a  soft  mm  wire  itself  travei'sed  by  a     i 
current,  under  the  influence  of  the  current  ti-ansmitted  by  tbe  gii|^| 
tire  nniss  of  the  wire.     This,  also,  is  equally  demonstrated  by  th^^ 
mechanical  cflects  studied  l)y  Joule  and  Beatson.     It  follows, 
therefore,  that  when  the  transmitted  current  is  intermittent  the 
particles  of  the  surface  of  the  iron  wire  oscillate  lietween  the 
transverse  position  and  theu'  natural  position,  aud  that  thei^  is 
consequently,  a  production  of   vibrations.      These  oscillationa 
ought  t^>  l>e  the  more  easy,  and  consequently    the  vi1»iatioiis 
more  powerful,  as  the  iron  is  softer ;   with  harflencd  iron,  and 
especially  with  steel,  there  is  a  greater  resistance  to  be  ovei-Dome : 
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thus  the  effect  is  less  sensible.     If  the  wire  that  transmits  the 
■discontinuous  current  is  itself  titi versed  bjr  a  continuous  current 
moving  in  the  s^inif*  dinx'timi  as  the  discontinuous^  one,  the  o.scil- 
lati^ry  movement  ouglit  to  1m*  unnulled,  or  at  least  noUibly  di- 
minished, since  the  tmnsmission  of  the  continuous  current  im- 
presses upon  the  particles  in  a  permtment  mimner  the  position 
which  tho  passage  of  the  discontiiiuous  cun-ent  tends  to  give  them 
in  a  temporary  manner.     Thus  the  sound  in  this  case  would  com- 
Ipletely  disapjiear  or  notably  diminish.     If  the  wire  is  of  steel  or 
[of  well  hardened  iron,  the  continuous  current  is,  on  the  contrary, 
liavorable^  by  its  presence,  to  the  oscillating  action  of  tlie  discon- 
[ tinuous  cun-ent,  be<'ause  it  deranges  tho  particles  from  tlieir  nor- 
mal position,  without,  however,  being  able  completely  tfi  impress 
upon  them  the  titinsverst?  dii*ection^  on  ae<?oiint  of  the  too  great 
Liesistance  they  oppose  to  a  displacement,  which  is  easily  brought 
[about  in  soft  iron.     The  two  cun-ents  united  produce  what  a 
[single  cuiTent  would  not  be  able  to  accomplisli,  or  would  accom- 
plish less  effectually,  and  the  sound  is  then  reinforced,  as  is  proved 
by  experiment     In  supjiort  •*!  the  explanation  that  I  have  just 
f given,  I  have  found  that  a  copper  wire,  with  a  thin  envelope  of 
iron  which  is  contiguous  t*)  it,  gives  rise  to  the  same  effects  and  of 
.nearly  the  same  intensity,  when  the  discontinuous  curi'ent  tra- 
[irei^scs  it  as  if  it  were  entirely  <'f  iron  :  the  sound  is  merely  less 
I^QusiQd;  it  resembles  that  which  M.  Weitheira  designated  under 
[the  name  of  **  metallic"  (iron- y  feTaWe).     As  this  result  might 
[Ik?  attributed  to  a  part  of  tht^  cun-ent  traversing  the  iron  envelope 
litself,  instead  of  circulating  exclusively  through  the  copper  wire, 
I  insulated  the  latter  by  means  of  a  tliin  covering  of  silk  or  wax, 
m  that  the  iron  cylinder  tliat  surronnds  it  is  not  able  to  com- 
[lunicate  metallically  with  the  copper.     The  effect  is  exactly  the 
[same  as  in  the  pi-eceding  case,  that  is  to  say,  the  discontinuous 
nrrent  that  traverses  the  copper  wire  determiners  a  series  of  vi^ 
bratioa'9  in  the  iron  envelope,  which  j>roves  that  %ve  may  admit 
iiiat  the  s<ame  effect  is  producetl  upon  the  surface  of  an  iron  wire 
rhich  itself  tmnsmits  the  current     With  regard  to  the  envelope. 
re  can  easily  prove  that  it  experiences  a  transverse  magneti- 
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55ation  when  the  copper  wiiv  h  in  the  voltaic  circuit ;  for  if  we 
make  in  it  a  small  longitudinal  gmove,  \vc  p<?rceive  that  the  iron 
filings  iiro  attractx^d  niion  its  two  edges,  which  have  also  an 
opposite  polarity. 

The  detaileil  explanation  that  wc  have  given  of  the  molec-tilar 
phennnu*na,  which,  in  magnetic  lM>dies,  accompany  the  action  of 
curi'oijts  botli  exterior  as  well  us  interior,  Jiads  a  further  con- 
firmation in  the  observation  of  seveml  facts  of  different  kinda 
T1ml<  T  have  remarked  that  permanent  magnetization,  w^ietUrfjB 
imprci^^ded  upon  a  soft  iron  rod  by  the  action  ot  an  envcloj)!!!^^ 
helix,  or  by  tlie  action  of  a  powerful  electro-magnet,  increases^  iu 
a  very  decided  manner,  the  intensity  of  tlie  sounds  that  are 
given  out  by  this  rod,  when  traversed  by  a  discontinuous  cii^h 
rent  ^^ 

This  reinfotx^ement  is,  in  fact,  evidently  due  to  the  conflict  that 
is  established  Ijctween  thehmgitudinal  direction  that  is  impivs^(^s:l 
upon  the  particles  of  iiY>n  by  the  inlhience  of  the  magnetization^ 
.and  the  transverse  direction  that  the  passage  of  the  current  ien^SH 
to  give  to  them.     The  oscilhations  of  the  particles  ought  ncce^^ 
saiily  t>o  have  greater  amplitude,  since  they  occur  lictween  more 
extreme  positions.     The  effect  is  mora  decided  with  soft  iron 
rrwls  than  with  tlicise  of  steel,  and  especially  teni]>e]'eil   steeL 
Mr.  Bcatsun  m*nve<l  at  a  similar  i-esult  hy  quite  another  method 
He  observed,  that  if  a  continuous  current  tniverses  a  wii"e,  and 
if,  at  the  same  time  it  is  subjected  to  the  acticm  of  a  helix 
which  a  discontinuous  current  is  jmssing,  the  wb'e  will  unde 
a  series  of  contractions  and  expansions  which  become  inapi> 
able^  if  the  continuous  cun'ent  ceases  to  be  tmnsmitted,  even 
when  the  helix  continues  to  act  in  the  same  manner.      The 
author  drew  from  this  the  same  conclusion  that  I  had  deduced 
from  the  sonorous  effects,  namely,  that  the  action  of  the  helix 
impi'cssesi  upon  the  iiarticles  of  imn  an  opposite  state  to  that 
which  is  produced  l>y  the  transmitted  current.,  and  that  one  of 
these  actions  Inis  the  t^mdency  to  invert  the  arrangement  which 
the  other  tends  to  establish. 

A  very  curious  fact  is  that  magnetization  tends  to  imprest 


IkUGGIH  HEAT  KXPERIMENTa 


138 


apon  the  panicles  of  goft  in>ii  an  armngement  similar  to  that 
wliieh  tbej  jKissess  in  teinpered  steel,  even  befom  it  is  magnetissetL 
What  confirms  tlio  eonVinncsH  of  this  remark  ia,  tliat  the  s<->imd 
which  magnetized  soft  inyn  gives  out  under  the  actiou  of  the 
transmitted  current,  is  not  only  mort.*  powerful  than  it  is  when 
there  ii5  no  mngn(*tization,  bnt  it  also  acquires  a  peculiar  diy 
lone,  w^hich  makes  it  i-esemblc  that  which  steel  gives  out  with- 
out being  magnetizeci 

The  very  remarkable  influence  of  tension,  which,  Ijeyond  a 
certain  bmit,  diminishes  in  soft  iron  ^vi^es  their  aptitude  to  give 
sounds,  is  a  furtlier  consa<|uenee  of  our  explanattoru  lu  fact, 
the  molecules,  by  tlie  etTcct  of  tension,  undei^o  a  permanent 
derangement  in  their  normal  position,  and  are  conse^juently 
found  crippled  in  their  movements,  and  ait?  no  longer  able, 
under  the  influenee  of  exterior  nr  interior  causes,  to  exeeiite  the 
oscillatory  inovenicnts,  and  cruiscfpieMtly  the  vibrations  which 
constitute  the  sound 

Two  facts,  of  a  chamcter  altogether  different  from  the  preced- 
ing, still  further  show  that  the  magnetization  of  inni  is  always 
attendee!  by  a  molecular  change  in  its  mass. 

The  fii'st  of  these  facts  was  discoveretl  by  Mr.  Grove.  It  is, 
that  an  aiinatui*e  of  soft  ii-on  experiences  an  elevation  of  tem- 
perature of  several  degrees  when  it  is  magnetized  and  demagnet 
ized  several  times  sueeessively  by  means  of  (in  elect  it  vinagnet,  or 
*evcn  of  UTi  ordinary  magnet  set  in  initation  in  fiont  of  it  Cobalt 
and  nickel  present  the  same  phenomenon^  but  in  a  somewhat 
slighter  degree ;  whilst  non-magnetic  metals,  placed  under  exactly 
the  some  cin^umstatices,  do  not  present  the  slightest  traces  of 
calorific  effects.  This  experiment  can  only  be  explained  by 
atlmitting  that  the  development  of  heat  arises  from  the  mole* 
cular  changes  which  accompany  magncti;5ation  and  demagneti- 
zation. Tlic  second  £act«,  which  is  no  le>is  impitrtant,  is  due  to 
Dn  Maggi,  of  Vemna,  who  proved  that  a  circular  plate  of  \'erj^ 
homogeneous  soft  iron  conducts  heat  with  m^ire  facility  in  one 
direction  than  in  the  otlier  wlicn  it  is  magnetized  by  a  powerful 
electro- magnet ;  whilst,  when  it  is  in  the  natural  state,  its  conduct- 
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ibOity  is  tlie  ^ain*?  in  all  directions,  and,  consequently,  perfectlj 
anifomi.  The  plate  is  covered  with  a  thin  coating  of  wax  melt 
with  cjil,  and  the  heat  arri%'e3  at  its  centre  bj  a  tiilje  that  tra' 
vei^ses  it^  and  in  the  interior  of  which  the  vapor  of  Ijoiliue 
water  is  passing.  The  plate  is  placed  horizontally  on  the  U 
poles  of  a  powerful  elerrtro-magnet-^  seveml  insulating  caitU  pr 
venting  contact  between  it  and  the  iron  of  the  elcctro-raagne 
So  long  as  it  remains  in  its  natural  state,  the  curves  that  boui 
the  melted  wax  assume  the  circular  fonu  which  indicates  a  ur 
form  condnctihility  for  heat  in  all  db-ections*  But,  as  soon 
the  electro-magnet  is  magnetized,  the  cur^^es  are  defonned ;  an 
they  ai*e  always  eloiigatcfl  in  a  direct ir»n  perpendicular  to  tfc 
Une  that  joins  the  magnetic  poles;  wlneli  proves  that  the  con 
ductibOity  is  better  in  the  direction  perpendicular  to 
magnetic  axis  than  in  the  dii'eetion  of  the  axis ;  a  result  in 
accorfance  with  the  fact  that  we  have  established,  that  the  par- 
ticles of  iron  ap|)roach  e*ich  other,  by  the  effect  of  magnetisa- 
tion, in  the  direetion  ]ierpendicular  to  the  length  of  the  rnagn^ 
and  recede  in  the  diixjction  of  that  length,  which  is  alwa^^s 
magnetic  axia 

INFLCKNCB    OF     MOl.ECrLAR     ACTION'S    rpO?<f    MAGNETISM 
PRODUCED   BY    DYNAMIC    ELECTKICITY. 

We  have  seen  that  heat,  tension,  and  mechanical  actions  geij 
emlly  facihtate  magnetization.  *  M.  Matteueei  has  found  tha 
torsion  and  pcRuissive  and  meehanicid  actions,  not  only  facilita<i 
the  magnetization  ]>roduced  ujion  soft  iron  by  a  helix  that 
tiTiversefi  by  a  powerful  cui-reut,  but  they  also  contribute,  whc 
the  current  has  ceased  to  pass,  to  the  destruction  of  magnetis 
in  a  very  rapid  manner.  The  same  philosopher  has  like^-ifi 
obst^n^ed,  that  torsion,  when  it  d<>es  not  pass  beyond  certai 
limits,  augmented  the  magnetization  produced  upon  st 
needles  by  discharges  of  the  Leyden  jmv 
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M.  Marianini,  who  has  made  niitnerous  and  interesting  re- 
ches  upon  miiguetization,  arrived  at  curious  rasulta  upon 
Cie  aptitude  tbat  iron  bam  may  ac<^uire  of  beconaiiig  more 
easily  magnetized  in  cue  direction  tbau  in  another,  and  even  xu 
being  little  or  much  magnetized  by  the  influence  of  the  same 
<?au&e.  When  an  irt^n  bar  has  been  magnetised  by  the  influence 
of  an  instantaneous  cuiTent  that  cixxjuUites  around  it,  and  when 
it  has  lost  this  magnetization  by  the  action  of  a  contrary  cur- 
rent, it  13  more  apt  to  l)e  magnetizeil  afrcxsh  in  the  former  case 
thiui  in  the  latt'CT.  We  are  aV)le^  liy  contrary  currents,  to  gi\'e  it 
even  more  aptitude  to  be  magnetized  in  the  latter  direction  tlxan 
in  the  former,  Tlie  augmentation  of  aptitude  tliat  it  aenuires 
of  being  magncti/ed  in  one  direction  is  equal  to  the  loss  of  apti- 
tude that  it  experiences  for  being  magnetized  in  the  other  direc- 
tion But^  by  reiterating  the  a^/tion  of  the  currents  upon  the 
same  bar,  the  increase  of  aptitude  in  one  direction,  and  the  cor- 
responding diminution  in  tlie  other,  become  always  more  and 
more  feel>le.  The  mrMlificiitions  of  aptitude  for  acquiring  mag- 
netization are  aeconqianied  by  moditications  in  the  aptitude  for 
losing  this  magnetization  ;  but  in  such  direction  that  the  latter  is 
the  reverse  of  the  former. 

Willing  to  enter  more  deeply  into  tlie  study  of  the  eflfecta 
that  we  have  been  relating,  M.  Marianini  Kiibjeeted  iron  to  differ- 
eat  physical  and  mechanical  actions.  Fii-st  of  all,  lie  satisfied 
himself  that  neither  elevation  of  temi>erature,  nor  especially  the 
cooling  by  which  it  is  followed,  neithei'  percussion  nor  toi'sion, 
nor  a  violent  shock,  nor  any  mechanical  action,  even  the  most 
energetic,  are  able  of  themselves  to  dcttn-mine  maguetissatiou; 
nor,  indeed,  does  the  discharge  of  a  Leyden  jar  through  an  iron 
magnetize  it*  But  these  various  operatoi's,  incapable  of 
"magnetizing,  may  all  seiTe  to  destroy  the  pohirity  of  magnetized 
bodies :  the  qusintity  of  magnetic  force  tlmt  they  thus  lose,  when 
their  aptitude  has  not  Ix^en  altered,  is  the  greater,  as  the  magnet- 
ization has  been  more  feeble.  But  if,  after  having  undergone 
one  of  these  actions,  the  bar  has  stdl  preserver  I  a  little  magnet- 
ism, it  can  no  longer  lose  it  by  this  or  by  any  similar  action. 
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What  is  very  remarkable  is,  that  when  the  magnetism  of  a  tar 
has  been  desM^oyed^  on  remagiietiziug  it  in  a  coutimy  direction 
by  a  succession  of  instantaneous  eiiiTent^,  so  that  its  magnetiza- 
tion i^  null,  we  may  restom  to  it  it^s  fonner  magneti&m  by  means^ 
of  a  vidk^iit  shoek,  by  letting  it  fall,  for  iimtance,  on  tlie  pave- 
ment frrirji  the  height  of  a  crniple  of  yards*  The  greater  the 
height  of  the  fall,  the  more  powei-ful  13  the  magnetism  it  le- 
oovei-Sw  Tlmt^  a  Imr,  that  made  a  needle  dt*viate  ^0*^,  hanng, 
been  brt:)iight  by  a  succession  of  discliarges  Uj  exercise  no  devia- 
tion beyond  0°,  gave  li^  on  falling  from  a  height  of  12,8  feet, 
15'^  30'  on  falling  from  a  heiglit  of  15,0  feet,  and  21'  on  falling, 
from  a  height  of  6,4  feet.  This  new  polarity  was  in  the 
direction  as  the  jirimitive  one. 

Even  when,  I )y  destroying  the  primitive  magnetisation  of  the 
bar,  we  have  actually  imiiarted  to  it  a  new  one  in  a  contrary  di- 
rection, we  find  on  letting  it  fall  upon  the  pavement  that  we  re- 
ston?  to  it  the  lirst  that  is  possessed.  M,  Marianini  woidd  be  dis- 
pjsed  to  believe  f rtjm  this  exj>enment  and  other  simdar  ones,  that 
the  bar  had  i*etained  its  former  magnetization  while  still  acquir* 
ing  the  contrary  one,  which  neutralized  the  effect  of  the  fii'st  ami 
even  surpassed  it;  and  tlic  slirK^k  merelv  destroyed  the  second^ 
either  in  whole  or  in  piui,  which  periuitieil  the  former  to  reap- 
jjean  Flexion,  friction,  heat,  or  an  electiic  discharge  traversing 
tlie  ij\>n  directly,  may  take  the  place  of  the  shock,  particularly 
when  very  lino  wires  ai-e  in  question. 

The  action  that  is  exercised  l>y  an  instantaneous  discharge 
through  the  wire  of  a  helix  npon  a  lK>dy  already  magnetized,  in- 
ci*eases  ov  dindulsVies  the  magnetism  of  this  braly  according  to  th^ 
direction  in  which  it  is  sent;  but  this  increase  or  diminution  is  the 
less  sensible  as  the  iron  is  more  magnetized.  In  any  case,  a 
^ven  instantaneous  current  ]>roduces  propt^rtiouateiy  more  effect 
when  it  is  made  to  act  with  a  view  of  diminishing  the  polarity  in 
the  magnetlze^l  btxlies  than  when  it  is  made  to  act  with  a  view  oC 
inci'easing  it 

M.  Maiianini,  in  order  to  explain  the  results  of  these  experi- 
ments, admits  a  differenct^  between  what  he  calls  polarity  imd 
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magnetism.  Thus»  the  same  magnet,  althougk  deprivod  of 
jkinty^  may  very  re£wlily  rcUiinniagiietism,  wlien  nmgnetlze*!  at 
le  time  in  two  conti'ary  dirt:H:*tion8  witli  tin  equal  force.  We 
lust  then  sup]>osa  that  contrary  magnetic  syst-ems  producing 
juilibrium  are  able  to  exist  in  iron,  and  that  exterior  forces, 
ich  as  a  cun*eut  or  a  mechiinieal  action,  do  not  act  with  the  same 
aergy  upon  the  opposite  systeina  This  opinion,  which  does 
not  as  yet  appear  to  n^s  to  rest  u[ton  fact.s  sutTieiently  numerous, 
a.S  however,  nothing  in  it  that  is  iaudmisaible ;  nothings  in  fact^ 
Supposes  there  being  in  the  same  bar  a  certain  number  of  particles 
larranged  bo  as  to  prcnluce  a  magnetization  in  a  certain  directi< m, 
'and  others  so  an  to  produce  magnetization  in  the  opposite  di- 
rection ;  a8,  for  example,  the  interior  particles  may  be  found  to 
ave  in  this  respect  an  arrangement  the  o}>[)fwite  of  those  on  the 
oicc;  and  that  Bueh  exterior  action  operates  proportionately 
ith  greater  force  upon  the  one  than  ii|ion  the  other.  This 
jint  would  need  t<3  be  made  clear  by  further  olji^en'ations,  and 
[jially  by  comparative  experiments  made  upon  bars  of  dif- 
erent  forms  and  different  dimensions — upon  hollow  and  solid 
^'linders,  for  example.  But  if  some  doubts  etill  remain  upon 
be  conclusions  that  Jl  Mariauini  has  drawn  from  his  experi- 
ments, there  am  U'jt  any  upon  the  new  proof  which  they  briug  in 
nvor  of  the  connectiuu  that  exists  between  magnetic  and  mole* 
alar  phenomena.  The  different  tlegrees  of  aptitude  acquii-e<l  by 
la  uuder  the  infl  uence  of  certain  actions,  of  Ijecoming  more  exisily 
letijsed  in  one  direction  than  in  the  other,  are  all  quite  in  har- 
aony  with  the  disposition  with  which  tlie  })artieles  uf  bodies  are 
pndowed  to  an-angc  themselves  more  easily  in  one  direction  than  in 
Qother.  This  loss  of  aptitude,  after  the  multiplied  repetition  of 
be  contrary  actions,  corresiMjuds  with  the  indifference  to  arrange 
bemselves  in  one  manner  or  the  other,  which  is  llnally  presented 
the  particlea  of  b*Klics,  after  having  experienced  numerous 
[»ments  in  differcnt  dircctions.^     Finally  the  remarkable 


*Wi»  liavc  n  rotnurkiiblu  exuinple  of  tb'ift  in  thti  frutrllity  presented  by  iron  whun  it 

has  been  Tor  a  long  limtj  siubjwntid  to  rapid  and  iWq^uctit  vibration^,  n-  un*  tl \l,^ 
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effects  of  shock,  flexion,  lieat,  in  fact,  of  all  those  actioDS  tl 

change  tlie  relative  position  of  the  paiticles,  come  in  support 

iLe  relation  that  we  have  endeavored  to  establish*  ^i 

The  whole  of  the  magneto-molecular  phenomena  that  we  hai^| 
been  stud^dng,  lead  \m  to  believe  that  the  magnetization  of  a  ' 
Ixxly  is  tlue  to  a  particular  arrangement  of  its  molecules,  orij 
ally  endowed  mth  magnetic  virtue ;  but  which,  in  the  na 
state^  are  .so  arranged,  that  the  nnignetisin  of  the  liody  that 
constitute  is  not  apjjareiiL  Magnetiziition  would  therefore 
sist  in  disturbing  this  state  of  equilibrium,  or  in  giving  to  the  par- 
ticlcH  an  arrangement  that  makes  manifest  the  property  with  Avhi 
they  ai'e  endowed,  and  not  in  developing  it  in  them.  The  coe: 
tive  force  would  be  the  resistance  of  the  molecules  to  cbai 
then*  relative  positions.  Heiit,  by  facilitating  the  movement  of 
the  particles  in  respect  to  each  other^  diminLshe^,  as  indeed  ili 
every  meclianical  action,  this  i-esistaDoe,  that  is  to  say,  the  coe: 
tive  force. 

There  i-cniains  an  important  question  to  ]>e  reaolveA     A] 
mechanical  or  other  actions^-di^turbers,  t\s  they  are,  of  the  elect 
cal  state — able  of  themselves  to  give  rise  to  magnetism  ?  or  < 
they  only  facilitate  the  action  of  an  exterior  nnignetizing  cause 
for  example,  terrestrial  magnetism,  which,  in  the  absence  of  ; 
othei's,  is  ever  present?     M.  Marianini's  researches  woidd  aeoii 
to  be  favomble  to  the  latter  opinion ;  however,  the  facts  that  ar 
known  do  not  appear  to  us  8ufficient  as  yet  to  establish  it  in 
incontestable  manner.     Let  us  remark  that^  even  although 
should  Ix^  established,   yet  the  non-existence  of  a  previous  and' 
proj>cr  polarity  of  magnetic  bodies,  or  of  electric  currents,  circu- 
lating around  them  in  a  determinate  direction,  would  not  neces- 
sarily follow.     We  shotdd  merely  conclude  from  it  that,  in  the 
al>sence  of  an  exterior  acting  cause,  the  particles  when  left  to^_ 
themselves,  constantly  arrange  themselves  so  as  to  determine  ad^| 
erpiilibrium  between  their  opposed  polarities ;  whence  results  the     " 
nullity  of  all  exterior  action. 
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A  NEW   MKl-HOD    OF   PEODUCING  TONES   BY  THE    ELECTRIC 
I  CURRENT. 

1  In  1837  Dr.  Page,  of  Salem,  Mass.,  made  the  important  difl- 

Yery  that  a  hor'seshoc  raagnotj  before  or  between  whose  poles 
^  flat  spiral  of  copper  wire  was  smspended,  began  to  emit  tones 
-whenever  he  passed  through  the  spiml  the  discontinuous  cuxTent 
•of  a  galvanic  batter}^ 

Other  physicists,  and  especially  Delezenne^  Beatson^  Marrian, 
Matteueci,  De  la  Kive,  and  Wertheim,  in  following  up  the  dis- 
tviverY,  have  :?hown  us  tlmt  it  is  the  interrapted  tmrrent  only 
which  generates  this  new  fonnatiou  of  t^joes,  and  that  for  thLa 
purpose  it  can  be  apphed  in  two  ways,  either  direct,  as  when  it  is 
paseecl  through  the  bodies  tliemsidves,  or  again,  when  conducted 
through  a  helical  wire  placed  around  these  bodies. 

Ill  this  manner  tones  have  been  produced  in  iron  and  steel, 
and  in  these  metals  only  it  would  seem,  as  Wertheim  has  found 
from  actual  experiment,  that  bars  and  wii'cs  of  other  metals 
^-annot  be  made  to  emit  tones  by  either  method ;  and  although 
De  la  Rive  says  in  his  first  treatise  that  he  has  obtained  tones  by 
both  raethofls  from  platinum,  silver,  copper,  brass,  lead^  tin,  and 
ane,  it  will  be  observed  that  he  modilies  this  asseition  in  a 
subsequent  work  by  siiying  that  this  took  place  only  when  a 
powerful  elex?tro-magnet  was  acting  at  the  same  time  on  the  wira 

The  methcMl  which  w^e  are  now  about  to  describe^  and  which 
the  writer  happened  to  discover  accidentally  in  the  fall  of  1864, 
possesses  the  advantage  of  generalizing  matters,  as  it  shows  that 
all  metaLs  ean,  under  (»ertain  conditions,  be  made  to  emit  tones; 
there  are  also  other  eonsiderations  which  render  it  interesting  as 
regards  its  connection  with  the  theory  of  electricity.  This 
metho<l  is  based  upon  the  interruptions  of  a  battery  cun'ent, 
although  in  reality  it  is  not  the  latter,  but  rather  the  induced 
eun'ents  ))iYHluced  by  the  interruptions  that  mu>st  be  considered 
aju  the  generator  of  the  tones.     Li  place  also  of  bars  or  wires  as 


»  J*  C.  Pog^euilorf.     r*,>Kgi'tidMrr*  AiUiitlon,  xcvlii.,  p.  195.    Moji*taborichteti  dor 
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heretofore  used  for  protlucing  iIjp  tones,  tulies  formed  o 
metal  are  substitutoL  and  suiTuuiul  the  coils  through  wh 
current  is  paaseiL  *  ^i 

The  writer  rnml  in  his  experiments  coils  five  inches  in  lengl^f 
and  alx)iit  one  and  one  eighth  inches  in  cUanieter.  Both  wii-e^^ 
uf  the  coils  were  coiineete<l,  so  that  their  united  length  w; 
about  100  feet;  the  diameter  of  the  wire  was  L4  millimetr 
The  coiLs  were  nuontained  in  a  A'eilie<d  position  bv  means  of  a 
Btand  proviiled  for  tiie  purpose,  and  so  placed  that  the  low( 
ends  could  l>e  connected  to  the  batterv,  which,  as  a  rule,  consisi 
simply  of  a  single  Grove  cell.  The  tubes  to  be  examined,  wlii 
were  about  live  inches  long  and  from  two  to  fuur  inches  i 
diameter,  were  then  placed  over  the  coils.  Some  of  tliem  wi 
left  entu'ely  open,  some  closed  bv  soldering,  and  othei's  1 
together  so  tliat  the  edgas  just  touched  each  other.  The  ir 
terial  of  the  tubes  consisted  of  platinum,  copper,  silver,  ti 
brass,  zinc,  lead  and  iron. 

A  Wagener  liainmer  of  peculiar  construction,  so  as  to  deadi 
the  noise  of  its  own  vibrations,  and  thus  pi-event  it  from  interfei 
ing  with  the  investigations,  was  used  for  intermpting  the  curre 

From  the  exi>erinu"nts  made  with  this  ap|xiratus  it  has  lieei 
found  that  none  of  the  metids,  except  iri>n,  can  V^e  nia<le  to  e 
tones  when  formed  into  either  open  or  completely  e]ose<l  tut 
and  platted  ovei-  tlu^  coils.     If,  liowever,  the  edges  of  the  tnh 
just  touch  ciieh  other,  then  all  metals  can  be  made  to  emit 
very  audible  tone,  wliicli  will  vary  in  loudness  and  quality 
sound  with  the  dimensions  of  the  tultcs,  the  elasticity  and  qual 
it3"  of  the  uiaterial  employed,  the  strength  of  the  cun-cmt,  an 
certain  other  minor   considerations  that  will  readily  sugge 
themselves. 

Iron  is  distinguished  from  the  other  metals  by  the  fact,  tl 
no  doubt  to  its  magnetic  propeities,  that  it  gives  a  crackling  toi 
both  when  made  into  an  open  tube  which  sun'ounds  the  eoi 
and  also  when  placed  alongside  of  it     The  tone  in  this  case  ii 
similar  to  that  heretofore  noticed  in  sheet  imn  when  laid  in  tb 
ooil,  but  it  is  much  weaker  than  that  lieanl  wlien  the  edges  of 
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the  tube  come  in  contact  In  the  latter  case  it  seems  as  though 
a  second  tone  appears  with  the  former  one. 

The  sounds  obtained  in  this  manner  from  metallic  tubes 
whose  edges  just  come  in  contact  with  each  other,  are  evidently 
produced  by  the  induced  current  generated  in  the  mass  of  the 
tubes  by  the  action  of  the  intermittent  current  in  tlie  coil.  They 
must  evidently,  therefore,  become  stronger  or  weaker  as  the  con- 
ditions which  give  rise  to  them  render  the  induced  current 
stronger  or  weaker.  For  example,  they  are  increased  when  iron 
wires  are  placed  in  the  coils,  as  was  done  in  the  exj>eriments 
made  by  the  writer.  They  are  also  increased,  but  in  a  smaller 
degree,  when  the  coil  is  connected  with  a  condenser,  which  was 
also  done  in  all  of  these  experiments. 

The  weakening  of  the  tones,  however,  may  be  still  more 
strikingly  shown.  For  this  purpose  it  is  only  necessary  to 
place  between  the  tube  producing  the  tone  and  the  induction 
coil  another  metallic  tube,  completely  closed  and  of  somewhat 
smaller  diameter.  As  soon  as  this  is  done,  the  tone  of  the 
wider  tube  ceases  instantly,  and  when  the  smaller  tube  is 
withdrawn  again  the  tone  ivcommences  at  once. 

Even  two  tubes  of  different  diameters  capable  alone  of  giving 
out  tones  will  show  this  weakening,  l)ut  if  placed  simultaneously 
one  within  the  other  around  the  coil,  they  do  not  interfere  with 
each  other. 

In  place  of  the  smaller  closed  tube,  which,  for  example,  may 
consist  of  zinc  or  any  other  non-magnetic  metal,  an  open  iron 
tube  may  be  substituted.  In  this  case  also  the  action  depends 
upon  the  length  and  thickness  of  the  metal,  and  weakens  or 
destroys  the  tones  accordingly ;  not,  however,  because  an  induced 
current  is  formed  in  it,  as  in  the  case  of  the  closed  zinc  tube,  but 
because  it  becomes  magnetized  by  the  action  of  the  coil,  just  as 
the  core  does,  and  the  effects  of  the  coil  and  core  consequently 
oppose  each  other. 

The  proof  of  the  connection  of  the  tones  with  the  induced 
current,  if  additional  proof  is  necessaiy,  is  still  further  shown  by 
the  fact  that  they  are  quite  independent  of  the  diameter  of  the 
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tubes.  The  writer  has  obtained  tones  from  tubes  of  two,  fonr, 
and  eight  inches  chameter  without  eotieiiig  any  difference  in  the 
strength  of  the  sound,  other  than  what  might  l*e  attributed  to  a 
change  of  pi-opoiliun  between  the  lengtli  and  diameter  of  the 
tul>e.s. 

With  proportionate  length,  a  hollow  cylinder  of  any  diameter 
whatever  would  f>b\nou8ly  be  forced  by  tlie  action  of  a  single 
cell  of  batteiy  to  emit  tone?^  just  t^  well  m  a  tube  of  only  an 
inch  in  diaioeten 

Now,  while  it  may  be  eonsidered  sufficiently  evident  that  the 
tones  in  question  owe  their  origin  to  the  induee^l  ruiTents  which 
are  pmduecd  in  tlie  tubes  parallelly  with  the  convolutions  of  the 
coil,  and  in  this  respect  themfore  eori'espoud  to  the  tones  gener- 
ated in  steel  or  iron  wires  when  an  intermittent  current  is  jjas^^etl 
directly  through  the  hitter,  we  must  by  no  meiuis  conclude  that 
they  are  the  residt  of  a  molecular  action  extending  thmughout 
the  entii*e  mass  of  the  metal,  as  is  certainly  the  ea^e  when  iix>n 
wires  or  open  iron  tubes  are  used  On  the  coutiuiy,  iis  the  writer 
is  fully  convinced,  the  development  of  tones  fii^st  noticed  by 
him,  has  its  origin  at  the  points  where  the  cadges  of  the  tubes 
touch  eiich  other,  and  that,  in  consequence  of  this,  slight  eonciis- 
Bions  ot^cur  which  set  the  tubes  to  vibmtmg  and  thus  give  out 
tones. 

The  tones,  moreover,  are  only  a  secondary  phenonicnnn,  and 
may  entu*ely  fail  when  the  material  of  which  the  tubes  ai*e  made 
possesses  but  little  elasticity^  asj  for  instance,  when  lead  is  us^hL 
The  reul  pail  of  the  acoustical  phenomenon  lies  in  the  dull  soun*! 
or  kind  of  tickings  somewhat  similar  to  that  of  a  watch,  which  is 
heard  at  the  points  where  the  edges  come  in  contact  simultane- 
ously with  the  strokes  o(  the  i-ibrating  hnnnncr. 

It  is  consequently  this  ticking  alone,  an<l  not  the  tone  pnxluC' 
tion,  whose  investigation  properly  comes  within  the  province  of 
electrical  science,  and  which  I  consequently  made  the  e^jK?cial 
subject  of  study,  but  up  to  the  present  time  I  am  obliged  to  my 
I  have  not  yet  succeeded  in  bringing  about  a  complete  solutioa 
of  the  problem. 
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The  ticking  tone  is  not  audible  in  a  tube  whose  edges  have 
\heen  soldered,  and  th\is  probably  made  to  resemble  more  nearly 
(a  hollow  cast-iron  cylinder.     Even  a  soldered  tube,  which  has 
so  nearly  cut  in  two  that  only  a  ])ortion  of  metal  of  aliout 
,  line  in  width  remains,  is  found  to  gi\'e  no  ticking  sound  under 
je  c*onditions  I  employe*! 

This  shows  that  a  certain  separation  of  the  edges  is  required 
lor  the  production  of  the  sound;  it  Ls  furthermore  perfectly 
clear  that  the  adjacent  edges  of  the  tube  do  not  come  in  ^o  dope 
intact  as  the  particles  within  the  nuis*!,  and  is  also  pro\'en  by 
phenomena  in  other  provinces  of  physical  .science.  With  ap- 
parently the  ver^^  l)est  contact,  also,  we  must  atknit  the  exist- 
ence of  a  thin  air  stratum  Inetweea  the  edges  of  the  tube,  the 
Bfi  exists  even  in  the  dark  centre  of  Newton's  ringa 
fie  influence  which  distance  between  the  edges  of  the  tubes 
has  on  the  ticking-  is  shown  by  the  fact  thats,  the  more  the  edges 
are  pressed  together  the  greater  is  the  decrease  in  the  sound,  and 
lit  is  not  improbable  therefore  that  if  the  compression  were  in- 
Dreasai  with  force  sufficient  to  press  the  particles  of  metal  firmly 
ainst  each  other,  the  sound  could  be  entirely  destroyed.  On 
f  other  hand,  again,  if  a  loud  sound  is  wanted  it  is  necessary 

ike  the  eflges  just  touch  each  other  lo<»sely. 

It  might  be  thought  an  increase  of  pressure  would  increase 

[the  number  of  contact  points  also,  and  in  this  manner  cause  the 

Idecrease  in  the  strength  of  the  sound.     This  could  only  have 

en  the  case  when  I  caused  greater  portions  of  the  edges  of  the 

tTibes  that  were  not  quite  j^arallel  to  af  »proach  each  other,  so  that 

gcncnil  such  a  conclusion  will  hardly  l»e  found  to  hold  good. 

-  has  f  urthermoi'e  been  found  that  when  a  short  piece  of  wire 

•  a  sewing  needle  is  placed  between  the  edges  of  the  tube,  the 

ticking  then  be<:omes  very  loud,  bat  decreases  in  like  manner 

rith  increased  pressure^  although  the  needle  is  never  made  to 

touch  at  all  points. 

Portions  of  the  tube  edges  may  also  be  in  close  metalUc  con- 
\iSLQt  without  the  entire  disappeaitince  of  the  ticking  if  only  other 
jpoitions  make  but  slight  contact  with  each  other.      Hence  tubes 
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which  have  been  partially  cut  in  two,  liJce  those  previously 
mentioned,  will  commence  to  give  out  sounds  if  a  needle  or 
weilge-shape  piece  of  nietiil  i.s  inserted  in  the  .slit  This  explains 
a  phenomenon  which  is  ob^rved  with  tiu.  When  a  sheet  of  this 
metal  is  l)enl  aronnd  the  indtietion  coil  and  its  edges  ai'e  brongh 
close  to  each  other,  they  imniediately  become  fastened  togethe 
as  if  soldered^  and  yet  the  ticking  continues  to  be  heard  exceed- 
ingly well  If,  however,  the  neighboring  edges  are  melted 
tosrether  with  a  spirit  ihirnc  or  soldering  iron,  the  sound  eeaaea 

The  principal  question  in  this  examination  is  of  cotirse  this: 
W^liat  eauses  tlio  ticking  sound  at  the  dividal  edges?  On  first 
consideration  it  might  be  attributed  to  the  passage  of  sparks,  but 
this  certainly  is  not  the  origin  of  the  sound.  Sparks  may  gener- 
ally he  seen  by  separating  the  edges  of  the  ttibes  from  each  otlier 
at  the  moment  the  hammer  interrupts  the  battery  current  They 
ai'e  also  notieefl,  but  in  a  lesser  degree,  with  tubes  which  liave  been 
partially  cut  in  two,  when  the  wedge  is  allowed  to  drop  into  the 
opening.  But  s<i  long  as  the  edges  remain  quietly  near  each 
other  no  spark  is  observed,  even  in  perfect  dai-kness,  and  yet 
the  ticking  continues  all  the  time  without  the  shghtest  inter- 
ini|>tion.  I  further  placed  the  induction  coil  with  the  metallic 
tube  under  the  exhausted  reeeixer  of  an  air  pump,  but  even 
there  the  ticking  was  heard  without  the  least  spark  being  visible 
between  the  edges  of  the  tube. 

The  sparks,  moix?over,  possess  an  exceedingly  low  potential, 
but  this  is  not  to  be  wondered  at  w^hen  we  consider  that  they  ar 
prfulueed  in  a  metallic  condueU^r  of  only  a  few  inches  in  lengtlj.1 

With  easil}^  fusible  metals,  such  as  tin  for  example,  s|)arks  are 
often  seen  to  be  projected  for  a  distance  of  several  lines,  but 
these  cannot  be  considered  as  genuine  electrical  sparks;  they  are 
caused  rather  by  the  projection  of  particles  of  melted  and  glow* 
ing  nietalj  and  their  direction  also  is  generally  contrary  to  that 
of  the  electiieal  eun-ent  being  sometimes  towards  one  side  and 
sometimes  towards  anrjther.  In  any  case,  however,  they  can 
never  Im?  real  electrical  sparks,  since  the  electrical  potentiiil  of  the 
current,  as  akeady  stated,  is  too  low  for  their  production    It 
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made  no  difference  how  near  I  brought  the  edges  together  with- 
out causing  absolute  contact,  I  could  never  preceive  the  pas- 
a^geof  sparks  l>etween  thenu  The  slight  space  might  also  be 
closed  by  the  moistened  liugei*s,  or  the  tip  of  the  tongue  even 
might  l>e  placed  between  the  edges  of  the  tubes  without  feeling 
the  slightest  sensation. 

If  sparks  were  the  cause  of  the  sound  one  woidd  naturally 
suppose  it  would  disappear  in  a  fluid  conductor,  but  while 
maintaining  the  tube  in  a  horizontal  jx^sition,  I  have  dipped  its 
edges  in  >pring  water,  and  even  in  diluted  sulphuric  acid,  without 
bdng  able  to  perceive  any  dcei^ase  in  the  sound  When,  how- 
ever, a  thin  piece  of  blotting  paper,  which  has  been  saturated 
with  diluted  sulphuric  acid,  is  placed  between  the  edges,  and 
consequently  the  metidlic  contact  is  broken,  the  sound  disap- 
pears. It  also  disappears  with  zinc  tubes  when  the  edges  are  so 
thoroughly  amalgamated  that  drops  of  mercury  remain  adhering 
thereto,  obviously,  however,  lie^'ause  perfect  metallic  contact  is 
thus  established. 
I  On  the  other  hand,  again,  the  sound  did  not  cease  when  the 
iges  wei'e  highly  heated  by  the  flame  of  a  spirit  lamp,  but  a 
decrease  in  its  loudness  was  certainly  noticeable. 

The  question  therefore  presents  itself  still  more  forcibly.  If 
sparks  do  not  produce  the  sound,  what  then  is  the  cause  that 
does? 

We  might  attribute  it  to  a  kind  of  repulsion  such  as  that 
wliich,  as  has  been  shown  by  Ampere,  exists  between  dillerent 
elements  of  a  cuiTcnt  for  each  other.  It  is  possible  that  during 
the  time  the  current  is  being  generated  this  repulsion  causes  the 
edges  of  the  tubes  to  separate  a  littlci  and  on  its  disappearance 
allows  them  to  approach  each  other  again.  This  alone,  however, 
is  not  sufficient;  it  seems  hardly  possible  that  these  weak  cur- 
rents could  produce  such  dis]>ropo!-tionate  mechanical  results. 
I  have  notice<l  the  sound  in  zinc  tubes  of  two  inches  diameter 
and  over  two  and  a  half  lines  thickness,  which  i-equired  consider- 
able effort,  to  bring  the  edges  tog*^thcn  Besides,  however  much 
we  mav  incline  to  the  idea  that  the  sound  results  from  a  me- 
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chanical  knocking  of  the  edges  together,  observation  so  far  has 
given  no  proof  that  such  is  the  case. 

To  the  unassisted  eye  the  edges  seem  to  remain  absolutely  at 
rest,  and  even  when  viewed  in  the  microscope,  maguifyiog  at 
least  a  hundi-ed  times^  which  would  seera  powerful  enough  to 
show  any  such  motion  if  it  existed,  we  are  unable  to  perceive 
any  change.  In  addition  to  this  also,  the  liquitls  in  which  the 
ticking  tubes  were  dippetl  showed  no  signs  whatever  of  the 
slightest  tremor  or  undulating  motion,  so  that  the  ticking  and 
tuning  vibrations,  if  t^uch  they  reulli^  arc,  must  be  extremely  smalL 

The  most  natuml  view  of  the  phenomena  is,  that  notwith- 
standing the  apparent  metallic  contjict  of  the  edges  of  the  tnl)es, 
no  uniform  flow  of  electricity^  actually  foliow.s,  but  that  as  the 
current  is  interrupted,  a  sudden  discharge  does  take  place^  with- 
out, liowever,  the  ap)>cM  ranee  of  sjiarks. 

This  assumption  may  seem  to  be  a  very  extraordinary  one, 
but  at  the  same  time  it  cannot  be  said  to  contradict  the  experi- 
ence heretofore  obtained:  thrre  .seems  to  be  no  real  ground  for 
asserting  that  the  passu ge  of  clectrieitv  through  an  exceedingly 
thin  stratum  of  aii-  shijuld  ne<;essarily  be  accomijamed  by  sparks, 
while^  on  the  contrary,  arguments  may  be  a<lduced  to  show  that 
the  appearance  of  sparks  mider  similar  ciixninistrinces  is  some- 
what doubtful  It  still  i-emains  an  open  t^uestion  whether,  in 
the  s})arks  as  they  appear,  we  really  see  the  substantial  traiL^ier 
of  electricity;  these  sparks  may  just  a.s  well  be  only  accompany- 
ing phenomena  of  a  dark  invisible  ilischargc  of  electricity,  an<i 
their  compamtively  slow  motion  in  ceitidn  cases  would  seem  to 
render  this  view  not  altogether  improbable. 

I  do  not,  howcvcTj  purpose  forming  an  hyjjothesis  heii?,  and 
additional  light  on  the  phenomena  in  question  must  be  dmved 
from  futui'e  observations. 


ELECTRRUn  TRANSMISSION   OF  SPEECH.  ^ 

I  have  not  thought  it  desirable  to  give  prominence  in  this 
chapter  on  tlic  Klcctric  Telegraph  ttj  a  fantastic  idea  of  a  ccr- 

*  £jq)OAiS  doB  iipplicutiotis  do  releotrioitt\   Piin«,  I'^ST,  parL«  Ct6.  Th,  Du  Monoel, 
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»tain  M.  Ck  Bourseilles,  who  "believes  that  we  shall  be  able  to 
transmit  speech  by  electricity,  for  it  raight  bo  asked  why  I  class 
amongst  ao  many  remarkable  inventions  an  i<lea  which  is  at 
present  only  a  dream  of  its  author.  Nevertheless,  r- 1  am  l>uund 
to  l>e  faithful  to  the  duty  I  have  undertaken  of  mentioning  every 
^  cleetrieal  application  which  has  come  to  my  knowletlge,  I  w-ill 
^■give  you  some  det^iils  which  the  author  lias  already  i>ublished 
^Bbn  this  subject  He  says :  I  ask  inyselt  for  example,  if  words 
^B themselves  cannot  be  transmitted  by  electricity;  in  otlier  worfs, 
l^rif  one  could  not  speak  at  Vienna  and  make  oneself  lieard  in 
Paris — the  thing  is  practicable,  and  I  will  show  you  how. 

Imagine  that  you  speak  against  a  sensitive  plate,  ^o  flexible 
^^as  to  lose  none  of  the  vibmtions  produced  by  the  voice,  and  that 
^■^his  plate  makes  and  breaks  successively  the  comnumiearion 
^■with  an  electric  pile;  you  may  have  at  any  distance  another 
^^late,  which  will  undergo  in  the  same  time  the  same  vibraticni. 

I  It  is  obvious  that  numberless  applications  of  high  iinjMirtance 
Would  immediately  arise  out  of  the  transmission  of  speech  by 
electricity ;  any  one  who  was  not  deaf  and  dumb  could  make 
Use  of  this  mode  of  transmission,  which  would  not  recjuire  i\ny 
|dud  of  apparatus, — ^an  electric  pile,  two  vibratory  plates,  and  a 
metallic  wire  are  all  that  would  be  neceasary. 
I  In  any  case,  it  is  certain  that  iu  a  futum,  more  or  less  dis- 
H|lant,  speech  will  be  transmitted  to  a  distance  by  electricity.  I 
iave  commenced  experiments  with  this  object:  they  are  delicate 
and  recpiire  time  and  ]>atienee  for  their  development^  but  the 
approximtttious  already  obtained  give  promise  of  a  fuvomble 

llL 

PROPAGATION  OF  TONES  TO   ANY   DISTANCE  BY   MEANS  OF 
ELECTRICITY.  ^ 

Previous  to  1840,  the  attempts  to  transmit  signals  to  great  dis- 
inces  by  means  of  electricity  were  not  very  successful.  Since 
bat  time,  however,  great  advancement  has  been  made,  and  tele- 
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graph  wii'ea  are  now  so  generally  erected  throughout  the  coun 
that  it  leaves  little  to  be  desirai 

ExperimeDts  have  been  niatie  to  transmit  tones  to  any  des 
distance  by  means  of  electricity.  The  iii-st  experiment  which 
in  any  degree  successful  was  made  by  Philip  Reiss,  professor  I 
natural  philosophy  at  Friedrich^idorf^  near  Frankfort  on  the  Mai 
and  repeated  in  the  meeting  room  of  the  Physical  Society,  i 
Frankfortj  on  the  26th  of  October,  1861^  l>efore  a  large  number 
of  members.  One  part  of  his  appaimus  was  set  up  in  the  Civic 
Hospital,  a  building  about  three  hundred  feet  distant  fix>m  the 
meeting  room,  the  doors  and  windows  of  the  building  being 
closed*    Into  this  apparatus  he  caused  melodies  to  be  sung,  and 


the  same  were  rendered  andilile  t<i  the  members  in  the  meel 
room  by  means  of  the  second  part  of  his  appamtus.     The  ap 
ratns  used  to  obtain  this  wonderful  result  is  shown  in  fig.  68, 
small  light  wooden  box  in  the  form  of  a  hollow  cube,  having 
large  and  a  small  aperture  at  each  end     Over  the  small  ojjei 
ing  was  stretched  a  very  line  membmne,  s^  against  the  centime 
which  rested  a  small  platinum  spring  (?,  which  was  fastened  to  th^ 
wood.    Another  strip  of  platinum/,'  likewise  fastened  at  one  end 
to  the  wood,  had  a  fine  horizontal  peg  inserted  in  the  other  en< 
which  peg  rested  on  the  platiniun  spring  at  the  point  of  oontaci 
with  the  membrana     As  is  well  known,  tones  are  genemted  by 
the  condensation  and  rarefaction  of  the  aii*  taking  place  in  rapid 
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successioiL  If  these  motions  of  the  air^  called  waves,  strike  the 
thin  membrane  they  cause  it  tn  vibrate^  which  forces  the  plat- 
mum  spring  resting  upon  it  against  the  horizontal  peg  ini^erted 
in  the  i^econd  platinum  strip,  wliich  hops  np  and  down  with  it 
Now,  if  the  latter  be  connected  b}^  ti  wire  with  one  of  the  poles 
of  a  galvanic  battery,  and\he  electricity  condncted  l>y  a  wire  at- 
tached to  the  other  pole  of  the  battery,  to  any  desiretl  distance, 
then  through  a  helix,  R,  six  inches  lon^",  formed  of  very  fine  span 
cojjper  wire,  and  thence  l>ack  to  the  platiTiuni  spring  on  the  tnms- 
mitting  aj>paratns — then  at  eveiy  viliration  of  the  membrane  an 
interruption  r^f  the  electric  current  will  take  place.  Through 
the  opening  in  the  helix  above  described,  an  iron  l>ar  ten  inches 
long  is  run,  the  ends  of  which  project  about  two  inches  and  rest 
upon  two  sticks  of  a  sounding  board* 

It  ia  well  known  that  when  an  electric  current  passes  through 
a  helix  enclosing  an  iron  rod  in  the  manner  described,  at  cucii 
interruption  of  the  current  a  tone,  produced  by  the  elongation  i»f 
tlie  rod^  is  audible.  When  the  interniptions  follow  each  other 
at  a  moderate  rate,  a  tone  is  generated  (owing  to  the  change  in 
position  of  the  molecules  of  the  rod)  which  is  known  as  the 
longitudinal  tt^ne  of  the  bar,  and  which  depends  upni  its  length 
and  the  strength  of  the  current  If,  however,  the  interruptions 
of  the  electric  current  in  the  helix  take  place  more  rapidly  than 
the  movements  of  the  molecules  of  the  iron  bar,  which  are 
limited  by  its  elasticity,  then  they  are  not  able  to  complete 
their  courscj  and  the  movements  consequently  become  smaOer 
and  quicker  in  proportion  to  the  rapidity  of  the  inteirup- 
tions*  The  iron  bar  then  doc3  not  emit  its  longitudinal  tone, 
bat  a  tone  whose  pitch  is  dependent  upon  the  number  of  inter- 
ruptions of  the  current  in  a  given  time.  It  is  a  well  known  fact 
that  higher  and  deeper  tones  depend  upon  the  number  of  air 
waves  wliich  succeed  each  other  in  a  second's  time.  We  have 
seen  heretofore  that  on  these  air  waves  depend  the  number  of 
interruptions  of  the  electric  current  of  our  apparatus,  throng! i 
the  agency  of  the  membrane  and  the  platinum  strips,  and  the 
iron  bar  consequently  should  emit  tones  of  the  same  pitch  as 
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those  acting  upon  the  membraDo.     Tones  may  thus  be  repro- 
duced^ with  a  good  apparatus,  at  almost  any  distance. 

It  is  evident^  thereforej  that  it  is  hy  the  electric  impulses 
alone,  and  not  by  the  transmission  of  the  sound  waves  them- 
selves through  the  wire,  that  the  tunes  become  audible  at  the 
distant  endj  for  the  tones  are  no  longer  apparent  when  the  ter- 
minal wires  of  the  helices  are  joined  by  a  metallic  conductor, 
and  thus  the  instrument  sliunted  out  of  circuit 

The  reproduced  tones  are  generally  somewhat  weaker  than  the 
original  ones,  but  the  number  of  vibrations  is  always  tlie  sama> 
Consequently,  while  we  may  easily  reproduce  precisely  the  same 
pitch  of  the  tone,  it  is  difficult  for  the  ear  tv>  determine  the  dif- 
ference in  the  amplitude  of  the  vihrationSj  on  account  of  the 
gradually  decreasing  vibrations,  which  limit  even  the  weaker 
tones.  The  nature  of  the  tone,  however,  depends  upon  the 
number  of  the  vibrations — that  is  to  say — tones  of  the  same  pitch 
are  produced  by  the  same  number  of  waves  ]>er  second — at  the 
same  time  each  wave,  as,  for  instance,  the  4th,  6th,  etc.,  may  be 
stronger  than  any  succeeding  wave. 

Scientists  have  shown  that  when  an  elastic  spring  is  made  to 
vibrate  by  being  struck  by  the  teeth  of  a  cog-wheel,  the  first 
vibration  is  the  strongest,  and  ciich  succeeding  one,  less.  If, 
before  the  spring  stops,  it  is  again  struck,  then  the  next  vibra- 
tion becomes  equal  to  the  lirst  vibration  of  the  first  stroke — 
withfjut  the  spring,  however,  making  more  vibrations  on  that 
account 

It  may  be  that  the  time  is  still  distant  when  it  will  be  possible 
for  us  to  hold  a  conversation  with  a  friend  at  a  distance,  and  to 
distinguish  his  voice  as  if  he  were  in  the  same  room  with  us. 
Still  the  probability  of  success  in  this  has  become  as  great  as  it 
was  during  the  important  experimcLits  of  Xiepcc  for  the  repro* 
duction  of  the  natural  coloi^s  by  jjhotography. 


CHAPTER  Y. 


GRAYS  TELEPHONIC   RESEARCHES. 


*  While  engaged  in  studying  tlie  phenomena  of  induced  cui*- 
rente,  I  had  noticed  a  sound  pnx*ecding  h-om  an  electro -magnet 
connected  in  the  secondary  cu'ciiit  of  a  small  HhinnkorS  coil^ 
which  was  at  that  lime  in  operation.     This,  of  coui-se^  was  not 
[new  (it  having  been  observed  by  Page,  Ilcnry  and  others  tliat 
the  magnetization  of  iron  is  accompanied  ydth  sound),  but  it 
helperl  to  direct  my  mintl  to  the  subject  of  transmitting  musicaf 
jlones  telegraphically,     Sul>sequeutly  I  made  a  discovery  that 
I  led  to  a  thorough  investigation  of  the  subject,  and  I  have  de- 
I voted  my  whf)le  time  since  then  to  tlie  study  which  it  suggested. 
The  ciimimstance  Wtis  as  follows :   My  nephew  w^is  playing 
[with  a  small  induction  coil,  and,  aB  he  expresstMl  it,  was  ^'  taking 
shocks''  for  the  amnsemcnt  of  the  smaller  children.     He   had 
inected  one  end  of  the  secondary  coil  to  the  zinc  lining  of  the 
L>ath  tub,  which  was  dry  at  that  time;     Ilulding  the  other  end  of 
Ithe  coil  in  his  left  hand,  he  touched  the  lining  of  the  tub  with 
Jie  right     In  making  contact,  his  hand  would  glide  along  the 
leide  for  a  shoit  distance.     At  these  times  I  noticed  a  sound  pro- 
ceeding from  under  his  hand  at  the  point  of  contact,  which 
?emed  to  have  the  same  pitch  and  quality  as  that  of  the  vibrat- 
[  electrot*:)me,  which  was  within  hearing.     I  immechately  took 
electrode  in  my  hand,  and,  repeating  the  oj^emtion^  to  my 
stonishment  found,  that  by  rubbing  htutl  and  rapidly,  I  could 
tnake  a  much  louder  sound  than  the  elcctrotome  was  making, 
then  change^l  the  pitch  of  the  vibration^  increasing  it^  rapiility, 
and  found  that  the  pitcli  of  the  sound  under  my  hand  was  also 
changed,  it  still  agreeing  with  that  of  the  vibration,     I  then 
^moistened  my  hand  and  continued  the  rubbing,  but  no  sound 
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wjis  produced  so  long  a^^  my  hand  I'emaineil  wet;  l>m  iui  90011  to 
the  ]>art8  iii  contact  becaiiu^  dry  the  sound  reitppetuvti 

Tlie  next  step  wtn^  to  constnict  a  key  iKutrd,  witti  u  mnge  ai 
first  of  one  octave,  similar  in  appeai'ance  to  the  cut  ahown  in  fig. 
69,  which  has  two  oetitves. 

Each  key  haB  a  Btecl  reed  or  electrotome,  tuned  to  coirespoml 
to  Its  position  in  the  niusicul  scale.  A  better  understiiiidinj: 
of  the  optTatiou  of  a  key  and  it*«  correiirponding  electrotoruo  iiwiv 
be  obtained  by  I'eferring  to  the  detached  section  nhown  in  fig<  7(1 


a  is  ft  steel  i*e**d  tuneii  to  vibrate  at  a  deiinite  rate,  ctifT»:sipoud* 

ing  to  its  fK>sition  in  the  scale.     One  end  is  rigidly  fixeil  to  ibr 

post  i,  wliile  the  other  entl  is  left  ii-LV^  anil  is  actnuted  li)*  a 

local  battery.    The  magnets  e  and  /  are  arranged  in  the  auiie 

local  circuit,  magnet  /'  having  a  resigtance  of  al"M>ut  t'  *^      ' 

and  magnet  e  about  fonr  ohnia.     When  the  reeil  f' 

vibration  the  point  <;  is  in  eloctrical  contact  with  it,  which  thn»in> 

aalinnt  wire  em'     '  !    ' 

whole  of  the  I<m 

■ 

of  cloidtig  the  key  c    It  id  well  kuowu  that  when 
magnets  an^  plnee<l  in  llie  «ami5  cinniit,  lh» 
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tighcr  Tesistance  (other  things  being  eqiml)  will  develop  the 

i  stronger  ma^etism^  and  that  if  the  magnet  ot  higher  resistance 

be  takt^in  out  of  the  circoit  the  force  of  the  other  will  l>6  increased* 

When  the  key  c,  being  depressed,  closes  the  loeal  circuit  at  cf, 

'  the  ojKi'ration  of  tlie  reed  is  as  follows :  Tlie  whole  of  the  current 

'  from  battery  I  b,  passes  through  the  magnet  e,  which  attracts  the 

reed,  say  with  a  power  of  fonr.     Wlien  tlie  i*eed  has  moved 

towards  /,  far  enough  to  leave  the  ]>oint  g,  the  shvmt  ciixniit  is 

broken  and  the  cuiTeut  flows  tlirough  both  the  magnets.     Im- 

I  mediately  the  i>ower  in  /  rises  from  zero  to  five,  and  that  of  €_ 


.'  LHm 


-^^  m.  h. 


^m^^^ 


Fig,  70. 

drops  from  four  to  one,  and  the  reed  is  attmeted  towards  /  with 

*an  effective  force  of  four,  until  contact  is  again  established  with 
the  ixiint^r.  The  opemtion  is  repeated  at  a  mte  deterinine<l  by 
the  size  and  length  of  the  reed,  and  which  ccri'eBiM^nds  with  the 
fundamental  of  the  note  it  represents.  The  tigiii^es  given  above 
^^nly  apprcjximate  the  facts.  The  relation  of  the  magnets  as  ta 
^Hize  and  resistance,  so  as  to  give  an  equal  impulse  to  the  recjd  in 
^Both  directions,  was  determined  by  actual  experiment  with  a 
^ftatterv  of  a  given  size. 

It  will  be  observed  that  by  this  arrangement  the  centre  of 
vibration  coincides  with  the  centre  of  the  reed  when  at  rest,  so 
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that  the  pit^h  of  the  tone  is  not  disturbed  by  any  ordinary  chaii{ 
of  battery^  as  is  liable  to  he  the  case  when  only  one  magnet 
used  or  when  the  impulse  is  not  equal  in  both  dii-ections. 

A  second  Ixittery,  whit-h  we  will  call  the  main  battery,  is  con- 
nected as  follows :  One  jx^le  is  connected  to  the  groiincL  The 
rjther  nnis  to  the  instininicnt,  and,  entering  at  binding  screw  4 
(fig,  70),  runs  to  point  h  of  key  c;  from  key  c  to  ]x>int  ij 
which  makes  contact  with  the  reed  a ;  from  reed  a  to  binding 
screw  1,  and  thence  to  line,  It  will  be  seen  that  when  the  key 
is  at  rest  the  Imtteries  are  open  at  the  points  d  and  k 

All  the  keys  in  tlie  instrument^  whether  one  or  more  oetaves^ 
bave  coiTes|x*nding  reeds  and  actuating  magnets,  the  onl}'  diflfer- 
enee  being  in  the  tuning  of  the  reeda  There  is  but  one  main 
and  one  local  battery  used,  and  the  connections  to  each  key  are  , 
run  in  branch  circuits  from  the  IjintUng  sci'ews,  as  shown  in  fig* 
69.  But,  since  all  these  branches  are  o]>en  at  the  key  points, 
neiilicr  of  the  liatteries  is  closed  unless  a  key  is  depressed. 

II  now  the  keys  are  manipulated,  a  tune  may  be  played  which 
is  audible  to  the  playen  When  any  key  is  depressed,  the  local 
battery  sets  in  vibration  its  corresponding  reed,  whidi  sonnds  its 
own  fundamental  note  acconling  to  the  law  of  acoustics.  So  far 
the  instrument  is  an  electrical  organ^  the  motive  power  being 
electricity  instead  of  air.  The  main  battery  has  had  no  iwirt 
whatever  in  its  operation. 

If,  however,  the  main  circuit  is  closed  by  connecting  the  dia^ 
tant  end  to  gi-ound,  and  the  point  i  is  pixjperly  adjusted,  so  that 
it  makes  and  breaks  contact  with  the  reed  at  each  \^bration»  a 
series  of  electi*ic  impulses,  or  waves,  will  be  sent  tlirough  the 
line^  correspondiug  in  number  per  second  to  the  fundamental  of 
the  reed. 

Now,  tus  the  pitch  of  any  nmsical  tone  is  determined  by  the 
number  of  vibrations  per  second  made  by  the  substance  from 
which  the  sound  prt^ceeds,  it  is  clear  that  if  these  electrical  waves 
can  !>e  converted  into  audible  vibrations  at  tlie  distant  end  of 
the  line,  whetlier  it  be  one  mile  or  five  hundred  miles  fi'ora  the 
playerj  the  note  jn'oduced  will  be  of  the  same  pitch  as  that  of  the 
sending  reed. 
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There  are  various  ways  by  which  these  electrical  wave5  may 

fO  QunvevUsl  into  aadible  material  \nbratlons.     One  of  the  most 

curious  and  novel  is  the  one  in  which  animal  tissue  plays  a 

proimneiit  part     Following  out  the  idea  suggested  by  the  l>ath- 

tnb   experiment^  I  constructed   various   devices   with   metallic 

lates  for  i-eceiving  the  time  by  rubbing  with  the  hand.     A  very 

nvenieut  methwl  for  doing  this  is  shown  in  fig,  71. 

Tliis  instrument  htts  a  metal  stand  of  sufficient  w^eight  to  keep 

it  in  position  while  being  mainpulated     Upon  the  stiind  a  hori- 

rental  shaft  is  mounted  in  Ijcarings,  ii]>i->n  one  end  of  which  is 

crank,  with   a  handle  made  of'  some   insulating  substance 

pun  the  other  end  is  cei if  red  n  tliin  cylindrical  sounding  box, 


Fig.  71. 

aade  of  wood,  the  fuce  ot  which  is  covered  with  a  cap  made  of 

lin  metal^  spun  into  a  convex  fonn  to  give  it  firmness.     This 

lox  has  an  opening  in  the  centre  to  increase  its  sonorous  quali- 

ies.     The  metid  cap  is  electrically  connected  to  the  metal  st;md 

l»y  means  of  a  wire. 

If  the  oj)cmtor  counts  ts  the  ea]*,  through  the  stand,  to  the 
round,  and  taking  h«4d  of  the  end  of  the  line  with  one  hand, 
presses  the  fingei*s  against  the  cap^  which  he  i-evolves  by  means 
^f  the  crank  with  the  other  hand,  the  tune  that  is  being  played 
the  other  t- ad  of  the  line  becomes  distinctly  audible,  and  may 
heard  throughout  a  large  audience  room*     If  the  conditions 
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are  all  perfect,  the  faster  the  plate  is  revolve<l  the  lomler  will  >j>e 
the  music,  and  the  slower  the  motion  the  softer  will  it  become* 
When  the  motion  stops  the  sound  entiix-^Iv  ceiusea 

I  have  found  tliat  electricity  of  considerable  tension  is  needed 
to  produce  satisfacti^ry  resulti?,  at  least  that  of  fifty  cells  of  bat- 
ter\^  The  necessjiry  degree  of  tension  is  most  eonveiiientl 
obtained  by  passing  the  line  cunx?nt  through  the  primary  circuit 
(adapted  to  tluj  cii*euit  wliercin  it  is  used)  of  an  induction  coil, 
and  connecting  the  receiver  in  the  set^ondary  ciiTuit 

The  cause  of  this  phenomena  has  be^n  the  s<:»uit?e  of  much 
speculation  and  exi>enment  At  tii-st,  I  supposed  it  to  be  thei^M 
quivering  of  the  muscles  of  the  hand^  pr<jducal  by  the  electria^H 
impulses  a?id  comraunicat*?d  to  the  ]ilate  and  1x>x,  making  an 
audible  sound,  and  that  the  motion  was  pnxlticed  through  the 
me<l!um  of  the  nerves.  This  idea,  however,  had  to  be  al>an- 
doneti  While  visiting  England,  in  1874,  I  called  ou  Professor 
Tyndall  at  the  Royal  Institution,  and  exhibited  to  him  a  portion 
of  my  apparatus.  He  experimented  witli  various  substances^ 
and  found  that  tlie  same  result^  in  kind  if  not  in  degree^  could 
be  produced  w^tli  dead  aniina!  tissue.  For  instance,  a  bacon 
rin<l  that  had  been  pickletl  and  smoked  until  thei-e  could  be  no 
suspicion  of  a  nervous  influence  left^  would^  when  sufficiently 
pliable,  jiroduce  the  sound,  the  cuticle  being  used  next  the  plate. 

Wliile  Professor  Tyndalls  experiments  did  not  explain  what 
the  canse  of  the  phenomenon  reidly  Wiis,  they  determined  most 
conclusively  that  it  was  not  due  to  nervous  influence  upon  the 
tissues,  acting  in  sympathy  with  electrical  impulses,  It  was 
suggested  by  some  that  it  iniglit  be  caused  by  electrical  rlis* 
charges,  in  the  form  of  a  spark,  from  the  hand  to  the  plate; 
but  if  this  is  ti'ue,  wl\v  should  motion,  as  a  gliding  of  the  lumd 
over  the  surface  of  the  plate,  be  neeessiny  to  pro<Juee  the  result? 
Others  have  suggested  that  the  molecules  of  the  substance  in 
contact  were  disturbe<i  u]}on  the  passiige  of  each  electrical  im- 
pulse, mugliening  the  surface,  and  for  the  instant  producing  a 
sudden  increase  of  friction.  If  this  is  true,  why  should  wetting 
the  parts  in  contact  destroy  the  efiect? 
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But  to  continue  my  experiments :  I  noticecl  that  when  revolv- 

[ing  the  plate  with  my  linger  in  rontaet^  the  frietion  was  greater 

[when  a  note  was  sounding.     I  then  connected  a  small  Kuhm- 

llcorff  coil  to  a  batterv,  inserting  a  common  telegrapbic  key  in  the 

primary  circuit,  instead  of  the  8elf-aeting  circuit  liroaker.     Icon- 

nect^xi   one  end  ot"  the  sccoadary  coil  to  the  metal  plate,  and 

holding  the  other  end  in  my  hand,  I  rub>>ed  the  plate  hriskly, 

md  had  my  assistant  slowly  make  dots  with  the  key,     I  ncitieed 

[at  each  make  of  the  circuit  a  si  ight  soun<l|  atnl  at  each  brejxk  a  very 

pouch  louder  one,  owing  to  tlie  fact  that  the  terminal  secondary 

is  much  more  inteui^  thai)  the  initial.     I  now  Iield  my 

ad  still,  and,  while  I  could  feci  the  shock  just  a^s  distinctly  as 

^l>efore,  there  was  no  audibli^  i=:r»und,  ^jroying  that  the  motion  was 

la  necessary  condition  in  its  production.     The  sensation  when  the 

[jioimd  wns  prcniuced  was  as  though  my  linger  had  suddenly  ad- 

llierefl  to  the  plate,  and  then  as  suddenly  let  gu^  producing  a 

I  giound. 

The  next  experiment  wa?^  with  one  hundred  cells  of  gravity 

[battery.     I  connected  one  pole  to  the  plate  and  held  the  uther 

fin  my  hand,  preying  my  finger  against  the  ]>late  and  revolving 

[it  as  Ix^fore.     T  inserted  a  thin  piece  of  |>aperl>etwe€n  my  lingers 

iml  the  plate  to  prevent  painful  effects  fnjrii  the  current^  and  my 

at  made  dashes  with  a  key  in  the  circuit     I  was  thus  able 

"to  notice  the  effect  of  an  impulse  of  longer  dumtion.     When  the 

key  closed  there  was  a  perceptible  increase  of  the  friction^  so 

Ithat  my  finger  t(X)k  a  {)osition  farther  forward  on  the  plate,  where 

it  would  remain  as  long  as  the  circuit  I'cinained  closed.     As  soon 

tas  the  key  was  opened  my  finger  suddenly  dropj^ed  hack  on  the 

alate,  making  the  same  noise  I  had  before  heard.     This  operation 

pwas  repeated  so  often  that  there  could  \^  no  question  as  to  the 

Lefifect  it  pi-oduced. 

From  the  foregoing  experiments,  I  find  that  the  following  con* 
fditions  are  necessary  to  reproduce  musical  tones  through  the 
Itneflium  of  animal  tissue,  by  means  of  electric  waves  transmitted 
Ithnimgh  a  telegraph  wire. 

1st  The  electrical  impulses  must  have  considerable  tension 
kn  order  to  make  the  eflect  audible. 
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2tL  The  substance  used  for  nibbing  the  receiving  plate  must 

be  soft  and  ]iliable,  and  iinist  Vjc  a  conductor  of  electrieitv  up 
the  point  oi  <rniUict,  nod  them  a  resisUince  must  be  intcip 
very  thin,  nt'ithcr  t*>u  givat  nor  too  httla 

ScL  The  ]»late  and  tlie  liand,  or  other  tissues,  must  not  only  be' 
in  contict,  but  it  must  1»c  a  rubbing;  or  gliding  conUict 

4th.  Tlie  partH  iu  conta€t  must  be  dry,  in  order  to  prei^erve 
the  ncccs.siny  degree  of  resi .stance. 

It  will  be  fsecn  that  we  liave  here  the  conditions  of  a  sttatic 
charge,  the  plate  receiving  one  polarity  from  the  battery,  and  the 
hand  thn  nther  p<jlaritv  ;  the  interposed  re,**istauee  piwenting  in 
a  gitjat  degree  the  dynamic  elTeet,     It  is  a  well  known  fact,  that 


Fig.  12. 

two  bodies  statically  charge<:l  i^ith  opposite  electricities,  attract 
each  other.  May  not  thit?  l>e  the  whole  .solution  of  the  pheno- 
menon, that  each  wave  as  it  amvcs  at  the  receiving  end  becomes 
for  a  moment  static,  which  residts  in  a  momentary  attraction  be- 
tween the  plate  and  the  finger,  and  this  immediately  ceasing 
"wlien  the  wave  is  gone,  releases  the  linger  with  a  noise  or 
sound  ?  If,  then,  jw:)und3  are  repeated  as  fast  as  the  sending  i"^ed 
\nbratevS,  the  production  of  a  musical  tone  mu^t  follow,  accord- 
ing to  well  known  laws  of  acjoustics^  providing  the  waves  are 
sent  to  line  in  musical  oixlen 

In  the  winter  of  1873-4,  I  experimented  verj^  elaborately, 
and  worked  out  many  new  applications  of  the  principle,  not  only 
to  the  traasmisaion  of  muidc,  but  to  the  transmission  of  telegraphic 
iQ6S8ages> 
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If,  instead  of  tbe  revolving  plate  and  the  animal  tissue,  we 
place  in  the  circuit  an  eleetro-magnet,  or  a  nniTibcr  of  thera^  and 
have  a  tune  played  at  the  transmitting  end,  the  tune  will  be 
heaixi  from  all  these  electro-magnets.  The  music  produced  will 
be  loud  or  low ;  1st,  as  the  battery  used  is  sti*ong  or  weak ;  2d, 
as  the  line  offers  more  or  less  resistance ;  and  8d,  as  the  magnets 
are  mounted  more  or  less  favorably  for  acoustic  effects. 

In  this  case^  as  in  that  of  the  animal  tissue,  each  impulse  pro- 
duces a  sound;  but  it  is  produced  differently  in  the  two.  It  is 
a  well  known  fact  that  an  imn  kmI  elongates  when  magnetized, 
anfl  contracts  again  when  demagnetized  The  elongation  and 
contraction  ai'e  so  sudden,  that  an  audible  sound  is  piT>duced  at 
each  change.    In  order  to  convert  this  sound  into  a  musical  tone, 


Fig,  73. 


^m}i  is  only  necessaiy  to  repeat  it  uniformly  and  at  a  definite  rate 
B  of  sj)eed,  which  shall  not  be  less  than  sixteen  nor  more  than  four 
B  thousand  per  second. 

When  the  electro  magnet  is  properly  mounted  the  tone  may 
be  made  very  loml      Fig.   72  shows   a   very  gooil   forai   for 
^mounting  a  magnet  for  receiving  music.    It  is  ti  common  electro- 
agnet  having  a  bar  of  iron  rigidly  fixed  at  one  jxile,  which  ex- 
Itemls  acDiss  the  other  ]>ole,  but  does  not  IcjucIi  it  by  about  one 
Bixty-fourth  of  an  inch.     In  tlic  middle  of  this  armature  a  short 
is  fastened,  and  the  whole  mounted  on  a  box  miide  of  tliin 
3me,  witli  ojienings  for  acoustic  effe<jts. 

One  of  the  earliest  di.scoveries  in  connection  with  these  experi- 
ments was  the  fact  that  not  only  smiple,  but  composite  tones 
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oould  be  sent  tlirough  the  wire  and  received,  either  on  the  metal 
plate  or  on  the  magnet.  Not  only  could  a  simple  melodj  be 
transmitted,  but  a  banuonj  or  discord  conld  be  equally  welL 
From  that  time,  I  have  worked  assiduously  with  the  view  of 
making  a  mpid  telegraphic  systc*m  embodying  this  di3Cove^J^ 
The  first  step  wa^  to  analyze  the  toners  at  the  receiving  end, 
which,  if  successfully  accomplished,  would  open  the  way  to  a 
multiple  Moi*se,  a  fcist  printing,  an  autographic  and  othei'  sys- 
tems. 

It  would  be  impossible  to  give  in  this  paper  all  the  experi- 
ments tried,  for  tbc}'  wem  very  man}^  indeed.  I  accomphshed 
the  analysis  in  a  number  of  ways.  Tbe  method  which  seemed 
in  all  i^>ects  to  give  the  best  satisfaction  is  as  follows : 

Fig,  78  is  a  perspective  of  one  form  of  a  receiving  instru- 


jt'S-J,     il, 

ment  called  an  analyzer.  The  construction  of  the  instrument  is 
very  simple.  It  consists  of  an  electro-magnet  adapted  to  the 
resistance  of  the  circuit  where  it  ia  intended  to  be  used,  and  of  a 
steel  ribbon  stmng  in  front  of  this  magnet  in  a  solid  metal  frame, 
and  provided  with  a  tuning  screw  at  one  end,  so  as  to  readily 
give  it  the  proper  tension*  The  length  and  size  of  the  ribbon 
depends  nix»n  the  note  we  wish  to  receive  upon  it  If  it  ia  a 
high  note  we  make  it  thinner  and  shorter ;  if  a  low  note  we  make 
it  thicker  and  longer.  If  this  ribbon  is  tuned  so  that  it  will  give 
a  certain  note  when  made  to  vibrate  meclianically,  and  the  note 
which  corresponcLs  to  its  fundamental  is  then  transmitted  through 
its  magnet,  it  wilt  re.spond  and  ribrate  in  unison  with  its  trans- 
mitted note  ;  but  it  another  note  be  sent  which  varies  at  all  from 
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its  fundamental  it  will  not  i-espoiid.  If  a  composite  t^ne  is  sent, 
the  ribbon  will  respond  when  its  own  note  is  being  sent  as  a 
part  of  the  composite  toiu*,  but  ;i3  soon  as  its  own  tone  is  left 
out  it  will  inimediiitelj  stop.  Thus  I  am  able  to  select  out  and 
indicate  when  any  note  is  being  sent  in  facLj  to  analyze  the  tones 

^K  which  are  passing  over  the  line 

^V       This  metho<I  of  analyzing  tones  tmnsmitted  tliroagh  a  wire 

f       electrically  is  analogous  to  Ilelmholtzs  method  of  separating 

I        ton^  tmnsroitted  through  the  air, 

^^      The  transniittinsr  instruments  use^l  in  sending  composite  tones^ 


Fig,  75. 

except  that  each  reed  is  separately  mounted.  A  cut  of  one  of 
these  tiTms^mitteivi,  iiseil  iu  telegniph  work,  is  shown  in  fig.  74 

Fig.  75  shows  a  diagnmi  view  of  two  transmitters  and  two 
receivers,  with  their  connections.  The  local  circuits,  with  their 
magnets,  are  left  off  to  avoid  confusion. 

A  and  B  represent  two  transniittei-s,  placed  at  one  end  of  a 
lina  A'  and  B',  two  receivers  at  the  other  end.  One  end  of  the 
main  battery  is  connected  to  line,  and  the  other  end  to  ground. 
Each  transmitter  is  placed  in  a  shunt  wire,  running  from  its 
main  battery  connections  around  one  half  of  the  battery.     A 
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comraon  open  eii^cuit  key  is  placed  in  eiieh  of  tliese  shunt  wires. 
Suppose  now  the  two  reeds  of  ^V  nn<l  B  to  be  soiuiding,  A 
making  26i  vibrutions  per  seiJoiKl  and  Ji  320,  just  two  tones  or 
a  major  third  alx)ve  A,  So  long  m  the  keys  rtiinain  Oi>6D,  all  the 
ImtU^ry  in  eoiistantly  on  the  line.  If  the  key  of  tmusmitter  A  is 
closed,  ]i:df  of  the  battery  is  being  tlu^uwn  on  and  off  the  line,  at 
the  mte  of  264  times  per  st^^ond*  Tliis  eause^  a  succession  of 
ele*?tricrd  vvuve:^  to  lh:»\v  through  the  line  at  the  siime  rate.  If 
now  the  steel  riblnia  of  the  antdyzer  A'  has  l>een  tuned  in  unison 
with  these  electrieal  waves,  it  will  respond  and  hum  the  sanie 
note  as  the  transmitter;  but,  if  it  is  not  in  unison,  it  will  remain 
practically  quie^scent,  so  th^it  the  note  can  only  be  heard  by  sub- 
rmtting  it  to  the  most  deUcate  ta^t     To  bring  it  in  umson  it  i& 


Fig,  76. 

only  necessfiry  to  turn  the  tuning  screw  up  or  down,  as  the  case 
may  he.  When  the  fundamental  of  the  ribbon  coiTesponds  with 
tliat  of  the  sending  reed,  it  announces  the  faet  by  sounding  out 
loud  and  full  If  (having  the  key  of  transmitter  A  still  elosah 
and  consequently  its  corresponding  analyzer  still  soimding)  we 
close  the  key  belonging  to  transmitter  B,  the  other  half  of  the 
battery  will  be  thrown  on  and  off  the  line,  at  the  rate  of  320 
times  per  seconil,  and  another  succession  of  electiieal  waves  will 
How  through  tlie  line,  this  one  being  at  the  nite  of  320  times  per 
second.  If  the  analyzer  B'  is  in  proper  tune,  so  that  its  fun- 
damental is  the  same  as  that  of  its  corresponding  transmitter  B» 
it  wiU  hum  its  note  as  long  as  the  key  is  closal,  making  a  chord 
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iA\     In  the  same  way,  a  great  numl^er  rif  different  notes 

may  be  sounding  at  the  saine  tuiie^  at  one  end  of  ;i  telegmphic 

j^liue^  and  be  heard  simultaneously  at  the  other  end,  eaeli  note 

Hounding  upon  a  different  reeeiving  instrument 

The  manner  of   mixking   these   vibrations  f>f    the   analyzer 

^^lOperato  a  sounder^  a  register,  or  other  reconhng  in>?trument,  is 

^khown  in  fig.  76. 

^B    The  light  contact  lever  c  is  armed  with  a  contact  point  at  its 
^■[ree  end,  resting  meivly  by  tlie  weight  of  the  lever  itsell  in  the 
^Jponcave  cup  d,  ujx)n  the  extremity  oi  the  armature  a.     When 
^■he  armature  is  thrown  into  vibration  the  oontoet  lever  hops 
up  and  down,  and  dot\s  n*it  elose  the  local  circuit  (which  is 
connected  to  I  and  l^)  with  huJfieient  ilnuness  to  actuate  the 
^8<^under,  but  when  the  vibration  stops  the  local  circuit  is  closed, 
Thiii  reverses  the  writing  upon  the  sounder,  btit  it  may  bo  oper- 
ated by  mearw  nf  a  local  relay,  or  arranged  iu  variuuH  other  ways 
which  readily  suggest  themselves.     The  complete  operation  is  as 
follnw^s:  When  the  opemtor,  at  the  ^sending  station,  closes  his 

I  key,  the  armature  a  h  d  is  tlinmm  into  vibmtion,  and  mmaius  so 
fts  long  as  th6  key  continues  closed,  Viut  comea  to  rest  imme- 
tliately  when  the  key  is  opened.     Tlie  lever  c,  not  l>eiag  able  to 
follow  the  unnature,  rattles  against  it  with  a  buzzing  s^^md,  dis- 
ilurbing  the  continmty  of  the  Itx^al  circuit  by  throwing  in  a 
great  i*esistince  at  the  point  d.     This  resistance  is  suflicient  to 
zi  upon  the  sormder  the  same,  practically,  as  a  dead  lireak.     By 
lis  means  the  sounder  is  maile  to  follow  the  key  uf  tlie  operator 
fwbo  IB  Bending  the  proper  iKJte.     In  tlie  same  manner  all  the 
I  Other  tones  maybe  brought  into  service,  each  ignoring  the  other, 
yind  eacli  seeking  its  own  at  the  receiving  end, 

A  simpler  construction  of  the  analyzer,  and  one  which  ren- 
lera  tlie  gounder  unnecessary,  is  shown  in  tig.  77.  The  elec- 
i-magnet  M  M,  which  has  very  short  cores,  is  provided  with 
in  armature  a,  rigiflly  attached  to  the  lower  core,  but  separateil 
from  the  upptrr  one  liy  a  space  of-^^  of  an  inch.  This  may  be 
{increased  or  diminished  by  moving  tlie  Uf>per  <:ore  in  or  out,  by 
means  of  the  screw  S»     The  armature  is  made  thinner  at  the 
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paint  h,  being  iileil  down  until  it  vibrates  to  a  certain  note^  tin; 

nicer  adjustment  being  accomplished  by  adjusting  tiie  n        ' ' 

weight  W.    The  whole  is  mounted  upon  a  goundiug  l)ox  s 

at  one  end,  which  is  termed  a  resonator.    The  principle  involved 

iti  the  action  of  the  i-csonator  \a  this  :  A  vnUime  of  air  e- 

in  an  open  vessel,  when  thrown  iuto  vibnitionj*,  tendis  u?  ^  ^ 

certain  note,  and  consequently  sti-engthena  that  note,  when  Ibe 

latter  is*  sounded  in  its;  neigViborhood*     By  placing  the  instru 

ment^  ui>on  curresponding  resonatora,   the  ^ound    h   grnitly 

strcDgtheued,  so  that  an  operator  may  readily  read  by  tsoand 


thfi  telegraphic  chnracters  into  wliich   the  continuous   tone  isi 
broken  by  the  tiunsmitting  key. 

By  this  method  not  only  may  different  mcsaagcfl  bo  acnt  aimu]- 
limeonsly,  but  a  tune  with  all  its  [inrt.s  mny  bn  »         *  "^ 

hundrds  of   miles  of  win',  und  be   «H:>riihT]','  uu 
receiving  end 

*  Gniy'i*  electrodmnuMuic  ieicgra|iii  i^  ic 
ciplo  that  an  electro-magnet  e1ongiitc8  nnd* . 
el^'tric  current,  and  oontractjs  apiin  when  th* 


'Atrivricun  MrctiMtiUwI  PMiifittrv',     V<il.  Hi-    (li' 
fu«4lflaiUria  ol  thiA  thaw jk  on  pm^  lAO  aii«l  H"  i 
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Consequently,  a  succession  of  impulses  or  int^rruptioDs  will 
Icause  the  magnet  to  vibmte,  and  if  tliese  ^-ibmtions  be  of  suffi- 
]  cient  frequency,  a  musical  tone  will  be  invKluued,  tlje  pitch  of 
I  which  will  depend  upon  tlie  nipidity  of  the  vibmtions. 

By  internipting  an  electric  current  at  the  transmitting  end  of 
►a  line,  with  sufficient  frequency  to  produce  a  musical  U?ne  by  an 
I  instrument  vibrated  by  said  interniptions,  and  tmnsmitting  the 
I  impulses  thus  induced  to  an  electro-magnet^  at  tlie  receiving  end 
of  the  line,  the  latter  will  vibrate  synchronously  with  the  trans- 
mitting instrument,  and  thu3  pnHluce  a  musical  tone  or  note  of 
a  corresponding  pitch. 


■^ 


A— O 


^ad 


Fig.  18, 

The  instrument  shown  in  lig.  78  consists  of  the  transmitting 
apparatus,  moniiietl  on  a  base  Iwiard,  and  a  receiving  apparatus, 
«hown  in  a  position  beneath  the  formen  The  induetiou  coil  6* 
has  the  usual  primury  and  secondary  circuits.  An  onlinary 
automatic  clectrotome  g  has  a  circuit-closing  spring  c^,  so 
adjusted  as,  when  in  action^  to  pro<laee  a  given  musical  tone, 
commrm  telegraph  key  d  is  placed  in  the  primary  ciixiuit  a  a, 
make  or  break  t!ie  battery  connection.  The  key  being 
depressed,  and  the  electTOtome  conHeqoentlr  vibrated,  the  inter- 
ruptions of  the  current  will  simultaneously  pro<luce  in  the  sec- 
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ondan'  circuit  h  6,  of  the  iDductioB-coil,  a  series  of  induced 
cun*6ats  or  impulses  correspooding  in  number  with  the  vibra- 
tions of  the  electrotome,  and  as  tlie  reeeiving  electro-magnet  c  is 
connected  with  this  circuit,  it  will  be  caused  to  vibrate  by  sue* 
cessive  elongations  and  contmctions,  thus  jiroducing  a  tone  of 
corretsponding  piteh,  the  .^ound  of  which  may  be  intensifies!  by 
the  use  of  a  hollow  cylinder  8^  of  metal,  placed  on  the  poles  of 
the  magnet 

When  n  single  eleeti^otome  c  is  thrown  into  action,  its  corre- 
sjxtnding  tone  will  be  reproduced  on  the  sounder  liy  the  magnet 
When  electrotomes  c  c%  of  different  jiittdi,  are  suoeessively  ope- 
rated by  tlioir  respective  keya  dd^^  tbeir  t<ines  will  be  corre* 
spondingly  repruducei.1  by  the  receiver;  and  when  tw(.)  or  more 
electrotomes  are  simultaneously  sounded,  the  tone  of  each  will 
still  be  reprnduce*!  without  confusion  on  the  sounder,  so  that, 
by  these  means,  melodies  or  tunes  may  be  tmnsmitted.  Another 
system  is  founded  upc^n  the  alternate  making  and  breaking  of  a 
telegraphic  circuit  by  nienns  of  the  viliration  of  tuning  forks,  or 
musical  ree<ls,  as  in  Ilehnholtz's  a]i]jaratu3  for  the  production 
and  transmission  of  vocal  sounds.  IE  a  given  fork  be  made  to 
interrupt  an  eld^tric  circuit  by  its  vibrations,  and  the  interinitr 
tent  current  thus  produced  be  passed  through  a  series  of  electro- 
magnets, each  in  connection  with  a  fork  of  different  pitch,  and 
consequently  different  rate  of  vibration,  only  that  fork  will  be 
thrown  into  vibration  which  is  in  unison  with  the  first  ona 
Pnicticallyf  the  time  retjuired  to  do  this  is  a  small  fraction  of  a 
second,  Ttie  advantages  of  this  methoii  are  ntuneraus.  Not 
only  may  many  receiving  instruments  at  one  statioa  be  operated, 
each  by  its  own  ke\%  through  a  single  wire,  but  many  different 
stations  in  the  same  circ*uit  may  be  operated,  that  one  alone 
receiving  the  message  whicli  has  an  instrument  with  the  requisite 
pitch,  so  as  to  vibrate  in  synchranism.  Many  signals  may,  in 
this  way,  be  transmitted  over  the  same  wire  at  the  same  time, 
and  many  dispatches  sent  simultrmeously  to  as  many  stations. 
AH  this  may  bo  done,  too,  without  affecting  the  Une  for  its 
ordinary  use. 
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COMBINATION  OF  THE   TBLE PHONE  AND    MOKSK  APPARATUS.* 

The  metlKxl  of  combinirig  the  telephonic,  or  electro  4iaiiiionic% 

kvith  the  unliiiarv  Morse  sygtetii  oi  telegraphy,  invented  by  Mr. 

Slisha  Gray,  of  Chicago,  has  for  its  object  a  ineanii  whereby  two 

Dminunications  may  be  simultaneously  transmitted  in  the  same 

[ilirectioTi.  or  in  opj^ositc  direetinns,  or,  in  other  words,  to  duuhle 

tlie  r-apacity  of  a  Moi'se  circuit,  liaving  thereon  several  inter- 

iiediate  stations,  so  arranged  that  while  a  commumcation  i» 

ring  transmitted  from  one  terminal  station  to  the  other  by 

aeans  of  the  telephonic  system,  either  tenninal  station  or  any 

way  station,  may  nt  the  same  time  receive  a  message  from  or 

^transmit  one  U)  either  of  the  terminal,  or  any  one  of  the  way 

Bofiices  by  metuis  of  the  ordinate  Morse  apparatus,     Thi^  inven* 

^tion  has  been  subjected  to  a  series  of  tests  upon  tlie  lines  of  the 

Western  Union  Telegraph  Company,  with  considei-able  success. 

^m     One  of  the  seveml  circuits  upon  which  the  system  was  tested 

^ex|)erimentally  extends  from  Chicago  to  Dubuque — a  distance 

of  184  railes^ — ^with  seventeen  intermediate  stations  in  the  cir- 

■cnit,  the  totnl  conductivity  resistance  of  which,  including  all  of 
toie  relays  on  the  line,  being  about  5,000  ohm.s. 

The  principle  and  mode  of  o[>eration  of  this  invention  is  shown 
jn  fig.  79,  whicli  represent-^  the  instnuuents,  iu  conueetion  with 
10  line,  at  a  terminal  station,  including  both  the  telephonic,  or 
riectro-harraomc,  and  the  orfiuary  Morse  apparatus,  the  former 
fonsisting  of  transmitter  T^  key  K,  local  batteries  e^  e^  and  e^, 
ilirator  ur  reed  V^  receiving  instrument  or  analyzer  A,  repeat- 
ag  relay  A^,  sounder  S,  rheostat  R^  and  main  batterj'  B;  and 
le  latter  consisting  of  relay  D,  sounder  S^,  key  K*,  rheostat  R 
ind  condenser  C,  the  earth  terminal  of  the  line  being  at  G.     Each 
atermediate  office  is  eqtii^iped  wuth  tlxe  Morse  apparatus  only, 
stding  the  coudenser  and  rheostat  last  mentioned ;  wdiile  at 
distant  tenninal   st^ttion  both   the   telephonic,   or  electro- 


1  Al>«ti>iict  of  ail  itrtiotv  from  tlie  JoutoaI  of  the  Am^rtcao  Elootrical  Sriciet^r^  Vol. 
L*  No.  2,  cjifitled^  A  New  imd  Pract^uL  AppUcAtiou  of  the  Tc»lephone,  by  Elialui 
pjiiy,  Be,  D. 


16b 


THE   SPEAKING  TELEPHONE. 


harmonic,  antl  tho  Xf 01*80  ap|>amtiis  are  armnged  prociBely  ns 
nliown  ill  tliB  diagmra. 

To  effect  the  object  sought,  viz.,  tlie  t^imultaiieoiis  tmnsmis- 
,4on  of  two  comiiiiiiiications  in  tht;  same,  or  in  opfHUsite  iliixx^tions, 
it  is  obviously  essential  that  sounder  S  (for  example)  should 
r^pond  solely  to  tlie  movements  of  key  K  and  transmitter  T  of 
the  telephonic  apparatu.s  ;  while  in  like  manner  the  sounder  S*, 
which  ig  connected  with  the  Moi-se  instrumentii  at  the  distant 
temiinal,  and  at  tlie  seveml  intcTinediate  offices,  should  respond 
solely  t*:>  the  movements  of  key  K^. 

The  manner  in  which  this  is  accomplished  will  be  understood 
hy  i*efei*eDee  to  the  figure^  and  tlie  following  explanation  thereot 


Fig.  79. 

The  transmitter  T,  which  in  principle  i.s  similar  to  that  used 
in  connection  with  the  duplex  and  qnadruplex  systenii*^  is  oper- 
ated by  means  of  the  key  K  and  1o<ai1  battery  e.  The  anxiliaiT 
lever  b^  one  end  of  which  rc^ts  upon  a  suitable  fulcrum,  while 
the  tree  end  rests  iipon  the  anvil  of  transmitter  T,  serves,  in  con- 
nection with  the  armature  a  of  the  latter^  to  control  the  local 
^  circuit  of  sounder  S  in  a  manner  and  for  a  purpose  to  l>e  herein- 
after described-  The  vibrator  or  reed  V  ( wliich,  with  the  receiving 
instrument  or  analyzer  A,  are  fully  illustrated  and  descril>ed  on 
pages  153  and  162)  is  kept  constantly  in  vibration  by  means 
of  electro-magnctwS  and  a  local  l>atlery  (not  shown  in  the  figure), 
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and  is  tuned  to  a  csertain  pitch,  corre**ponding  to  tbe  reed  E  of 

tlie  rt'ceiviug  instnimerit  or  analyzer  A*  A  small  sei^ondary 
lever  6*,  Imving  one  end  pivote<l,  while  the  other  end  I'ests  upon 
the  free  end  of  the  armatnre  or  reed  E  of  the  analyzer  A. 
serves  to  control  the  loaal  eircuit  of  the  ix4ay  A^  whieh  latter, 
in  turn,  operak^  ihe  soiuider  R;  and  when  thus  arranged  forms  a 
well  known  device  for  revelling  the  signiilt?  of  tlie  receiving  io- 
stniment  A,  in  order  that  tliey  may  appear  con'ectly  upon  the 
sounder  S.  The  normal  c<»ntlition  of  the  key  K^  of  the  Morse 
apparatus  is  elosevl  as  shown  in  tlie  jjgure,  in  which  position  the 
rheostat  R  is  eut  out  of  the  circuit,  while  that  of  key  K  and 
transmitter  T  h  open.  Disregarding  for  the  present  the  appar- 
atus at  the  dij^tant  terminal  and  several  intenneJiatestiitions,  the 
route  of  the  circuit  may  Ix*  tmct^l  from  the  earth  plate  G  to  mam 
battery  B,  l»y  wires  1  and  2,  to  the  receiving  instnnnent  or  ana- 
lyzer A  ;  thence  by  wire  S  to  rheostat  R\  and  wire  4  to  the  lever 
a  and  spring  s  of  transmitter  T ;  thence  by  wire  5  to  relay  D 
ad  key  K*  to  the  line  With  key  K  e]oj^f»d,  and  the  consequeot 
ition  of  transmitter  T,  tlie  route  *.>f  the  circuit  is  changt^il 
as  follows :  From  earth  plate  G  by  wire^  1  and  6  Uy  the  vibrator 
or  reed  V,  and  wire  7  t*)  stop  o  and  springs  of  transmitter  T ; 
ijhenc^  by  wire  5  to  relay  1*  miA  key  K*  in  the  line  and  distnnt 

ition,  as  before. 

The  amount  of  resistance  employed  in  the  rheostat  R^,  in  ad- 
dition to  that  of  the  analyzer  A,  should  be  equal  to  the  apparent 
resistance  ciiused  by  the  vibration  of  the  reed  Y^  so  that  no 
variation  in  the  strength  of  the  current  going  to  the  line  is  mani- 
fested ir^  the  Moi*se  relay  I>  when  the  transmitter  T  is  either  open 
or  ck)seil  The  rheostiit  R  should  be  so  adjusted,  that  when  in* 
serted  in  the  line  by  opening  the  key  K^,  it  will  diminish  the 
strength  of  the  eun^ent  to  an  extent  snlbc-icnt  to  caus«  the  anna- 
tiu-e  of  the  Morse  relay  I)  to  3  ield  to  the  force  of  its  reti-actile 
spring,  thus  opening  the  local  circuit  of  sounder  S^. 

The  condenser  C  is  aiTanged  w^ith  one  set  of  its  poles  con- 
nected to  wire  5  and  the  other  to  tlie  front  stop  of  key  K*,  so  as 
to  shunt  the  relay  1)  and  rheosttit  R,  and  thus,  when  the  key  is 
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opened  and  the  resistance  E  introduced  into  the  ciTCiiit,  the  full 
diminution  of  the  current  does  not  take  place  instantaneously, 
but  only  after  an  exceedingly  l.>rief  interval  of  time  and  in  a 
gradual  manner  while  tlie  condenser  is  charging.  By  this  means 
the  effect  of  a  sudden  change  in  the  current  on  the  receiving  in- 
I  inimeut  or  analyzer  A,  which  would  tend  to  make  the  latter 
give  a  false  signal,  is  entinL^ly  avoideih 

The  condenser  C  also  assists  in  maintaining  a  uniform  condi- 
tion of  magnetism  in  the  corei?  of  the  Moi-se  relay  D,  by  dis- 
charging through  the  electromagnet,  during  the  inten^al  of  time 
between  the  vibrations  or  when  the  potential  is  falling,  and  in 
this  way  the  effects  of  the  siraultfineous  operation  of  the  tele- 
phonic apimratus  are  practically  nullified. 

The  auxiliary  lever  b^  which  rests  upon  the  anvil  of  transmit- 
ter T,  serves  to  prevent  a  false  signal  being  given  up<jn  the 
sounder  S,  which  is  sometimes  an  annoyance  to  tlie  operator 
i?ending  The  sudden  i-elease  of  the  reed  E  from  the  attractive 
force  of  the  niagnets  of  analyzer  A  gives  the  lever  b^  a  bound, 
which  produces  a  ^"  click  ■ '  upon  s<> under  S.  The  upper  limiting 
stop  of  tlie  lever  tt  of  the  transmitter  T  is  insulated  from  the  an- 
vil, and  together  with  the  armature  a  and  auxiliary  lever  b^  forms 
a  portion  of  the  h>cal  circuit  of  sounder  S^  so  that  when  the 
armature  «.  ai>proaches  the  magnet  T  the  local  circuit  of  sounder 
S  is  broken,  and  when  released  from  magnet  T,  the  force  with 
which  it  strikes  against  the  up[>er  limiting  stop  causes  the  lever 
b  to  vibrate  enough  to  compensate  for  the  vibrations  of  the  reed 
E  of  the  analyzer  A,  caused  by  the  latter  being  restored  to  its 
previous  condition,  thus  preventing  the  signal  al)Ove  men- 
tioned being  given  upon  sounder  S  during  the  operation  of  key 
K  and  transmitter  T.  The  sliding  weight  0  is  to  regulate  the 
movements  of  the  lever  k 

Thus  it  will  be  understood  that  by  a  depression  of  key  K  and 
tlie  consequent  operation  of  transmitter  T,  the  electrical  pulsa- 
tions caused  by  the  vibratiBg  reed  V  will  pass  to  the  line  and 
opemte  the  analyzer  A  and  reed  E  at  the  distant  terminal,  so  n^ 
to  record  tlie  desireil  signal  upon  sounder  S^  without  producing 
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any  effect  upon  the  Morse  instruments  at  the  several  inter- 
mediate stations;  while  at  the  same  time,  by  means  of  key  K^ 
and  rheostat  R  and  relay  D,  a  communication  may  be  trans- 
mitted to,  or  received  from,  any  one  of  two  or  more  way  offices, 
equipped  with  suitably  arranged  Morse  instruments. 

PHENOMENA   ATTENDING  THE   TRANSMISSION   OF   VIBRATORY 
CURRENTS.  1 

The  vibratory  impulses  used  in  electro-telephonic  transmission 
are  attended  by  certain  phenomena  which  are  not  apparent  in 
ordinaiy  electric  telegraphy.  Their  peculiarities  seem  to  be 
ch^sely  connected  with  the  short  duration  and  the  rapid  suc- 
cession of  the  single  impulses. 

It  is  my  purpose  in  this  pai>er  to  give  the  results  of  some 
experiments  on  this  subject,  without  attempting  to  present  any 
well-defined  theory  in  regard  to  the  molecular  action  which 
takes  place  under  the  conditions  de.scribed,  but  leaving  the 
reader  to  make  such  explanation  as  may  be  suggested  by  the 
facts  presented. 

Among  the  remarkable  developments  attending  the  intro- 
duction of  the  telephone  thei'i'  is,  pcrha})s,  none  more  striking 
than  the  effect  upon  the  amplitude  of  the  received  \'ibrations 
which  follows  a  change  in  the  magnetic  condition  of  the 
receiving  electro-magnet 

Very  early  in  the  course  of  my  experiments  in  the  matter 
of  telegraphically  transmitting  musical  and  other  sounds,  I 
observed  that  better  effects  were  obtained  when  I  operated 
throi\gh  a  closed  circuit,  having  a  constant  current  of  electricity 
flowing  through  it,  and  transmitted  the  electric  vibrations  bv 
simply  superposing  them  upon  this  constant  current  without 
varying  its  power. 

To  define  more  clearly  what  I  mean,  I  will  give  an  instance 
in   my  experience  which   occurred  in  the  winter  of  1874--5. 


1  By  EliBha  Gray,  Sc.  D.  Journal  of  the  American  Electrical  Society,  1878. 
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While  experimenting  at  Milwaukee,  with  ui y  electro-linrmnnic  or 
electro-acoustic  multiple  telegnipli  system,  I  luid  with  me  a  set  j 
of  my  iipparatus  for  i^eceiving  tunes,  kuowu  as  the  musical  tele- 
phone. 

One  evening,  after  tlic  regular  work  of  the  day  M^as  eirn?*:^!^ 
I  transmitted  a  few  tunes  across  the  street  from  the  telegraph 
oflScc  to  the  Newhail  House,  for  the  amusement  of  some  frienik. 
Instead  of  using  an  independent  liattery,  I  simply  tapixxi  oue 
of  the  regular  batteries  of  ilie  North-Western  Telegraph  Com- 
pany, which  containeil  two  hundred  cells  of  the  onlinary  gravity 
form,  by  connecting  my  short  hne  wire  to  the  lottery,  twenty 
cells  from  the  ground  end,  without  in  any  way  disturbing  the 
other  connections,  Tliis  battery  at  the  same  time  supplieil 
three  lines,  wliich  extended  through  Wisconsin  in  various  (lirec- 
tions  to  distant  jK>ints.  The  few  cells  which  I  employed  did  iiot 
in  the  least  iuterfeiv  wutli  the  onlinaiy  w^orking  of  the  lines. 

A  nural>er  of  familiar  times  were  played  during  the  evening, 
and  I  was  surprised  next  mxTi-ning  h»  learn  fiTim  various  otfiee«*J 
in  tlie  State,  through  wiiicli  the  three  lines  mn  that  were  supplied 
by  the  common  batter\%  that  the  tunes  played  were  all  I'cpn*- 
ducetl  audibly  and  ^iistinetly  by  the  relays  in  the  various  otticest 
along  tlie  Une*  Some  of  the  operatoi^  being  Ignomnt  of  the  in- 
veiitiou  of  the  telephone  at  that  time.  Avere  Vijry  much  amazed  at 
this  new  exhibition  of  the  musical  powers  of  theu*  instruments, 
and  I  am  told  that  one  gentleman,  sixty  miles  from  Milwaukee^ 
closed  his  ofBee  that  night  much  earlier  than  he  Wiis  accustometl  ] 
to  do, 

Tl»e  relation  of  theinstniment  t<»  the  various  cifcuits  is  shown 
in  the  diagnmi,  iig.  So.  E  and  <-  ivpresent  the  Inittery  of  two^ 
hundred  cells  used  to  supply  the  three  telegi-aph  lines  L,  ex- 
tending througli  Wisconsin.  T  is  a  musical  tmnsmitter  plaoetl 
in  the  short  wirt*  running  to  the  Newhail  House,  and  attachetl 
to  the  battery,  twenty  cells  from  the  ground  end.  K  is  a  Mors** 
key ;  M  is  the  electro-magneto  and  R  the  armature  of  the  tele- 
phonic receiver  at  the  Newhail  House.  It  will  be  readilv 
observed,  that  each  time  the  transmitting  vibrator  closed,  the 
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tvrcnty  cells  of  battery  they  would  be  short  circuited  through  the 
receiver  ia  the  Newhidi  House  iiud  ground,  thereby  proportion- 
ately diminishing  the  power  of  tlie  whole  i)att<?ry  and  restoring 
it  again  each  time  the  vibrator  opened  the  short  circuit,  thus 
ending  a  series  of  ^ibratif>ns  superposed  upon  the  uuifomi  cur- 
rent flowing  from  tlic  hu^^er  battery  throughout  the  hues  sup- 
plied by  it  I  was  well  awai'e  that  twenty  cells  of  this  forai  of 
"batter}^  connected  to  the  thi'ee  lines  as  shown,  woidd  not  produce 
such  marked  effc<'t  upon  so  many  magnetos  and  at  so  gi'eat  a  dis- 
tance ;  and  I  was  naturally  led  to  eonehide  that  the  one  hnndre<] 
or  more  cells  of  the  additional  battery,  wbieli   were  not  thrown 
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into  action  by  the  transmitter,  in  some  way  played  a  part  in  the 
matter. 

At  a  later  date — I  think  in  the  latter  part  of  1875 — I  made 
another  experiment  at  the  same  place,  under  the  following  eir- 
cumstances:  I  Ixad  been  using  a  wii'e  two  hundi'cd  miles  in 
length,  and  was  engaged  in  transmitting  a  series  of  tones  simul- 
taneously over  the  same  wh-e  for  the  purpose  of  applying  it  to 
a  system  of  multiple  telegraphy.  I  had  l>eeri  using  one  hundred 
cells  of  battery,  divided  into  four  sections,  upon  ea(?h  end  of  this 
wire,  as  shown  in  my  patent  f<  »r  a  multiple  circuit,  filed  in  the 
United  States  Patent  Office,  January  27*  1376,  in  which  it  will 
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be  observed  that  the  batteries  are  connectf^d  to  the  two  ends  of 
the  line  in  the  usual  way  for  an  Amcrietin  Moi^se  circuit 

The  two  batteries  were  divided  into  four  sections  by  shunt 
wires,  in  each  of  which  was  inserted  a  transmitter  or  a  vibrutor 
and  a  Morse  key,  which  Htoo<l  open  cxrei>t  wht*u  useil  for  traas- 
mitting  signals  Mobile  tht^  vibi-atorss  were  in  opemtiou.  If  the 
key  belonging  to  any  vibrator  was  depi-esserl,  it  would  throw  in 
yibration  the  section  of  battery  included  in  its  short  or  s]iunt 
circuit  By  this  arrangement  I  had  as  many  as  eight  receivers 
in  operation  simultaneously,  each  ifceiving  a  tone  differing  in 
pitch  from  the  others,  and  each  having  a  vibration  strength  of 
twenty-five  cells. 

One  evening  I  washed  to  mukt*  an  experiment  with  one  tone 
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only,  and  for  that  ]>mpose  inserted  only  twenty -five  cells  in  the 
circuit,  leaving  out  the  other  one  hundi-eii  and  seveuty-five,  as  it 
did  not  occur  to  ine  at  first  that  the  battery  cells  left  out  would 
play  any  piu-t  in  a  vibration  nt)t  included  in  the  shunt  wires 
belonging  to  their  particular  tones.  As  twenty-five  cells  were 
all  that  were  used  in  tmusraitting  any  one  single  tone,  I  supposed 
that  amount  of  battery  would  be  suflicient  for  the  experiment 
that  I  wished  to  try.  The  positit>n  of  tlic  battery  and  instru- 
ment in  relation  to  each  uthcr  is  shown  in  fig.  81*  E  is  a  battery 
of  twenty-five  cells.  T  is  the  vibrator  and  K.  the  key  inserted  in 
a  short  or  shnnt  ciiruit  tlu'owu  around  the  twenty-five  cells  of 
liattery.  M  ]l  is  the  telei»honie  receiver.  I  was  suq)rised  at  rii'st 
to  find  that  no  perceptible  effect  could  be  felt  on  the  receiver 
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when  the  key  was  closed  and  the  battery  thrown  into  vibm- 
tion.  After  working  over  it  for  some  time,  I  concluded  that 
there  must  be  some  fault  in  the  connections,  and  proceeded  to 
test  the  wires  by  inserting  a  Morse  relay.  I  found  the  circuit 
all  right,  when  a  recollection  of  my  former  experience  caused 
me  to  place  in  the  circuit  an  additional  battery  of  one  hundred 
cells,  leaving  the  vibrator  and  shunt  wires  as  they  were  before, 
around  the  twenty-five  cells  only.  The  arrangement  after  the 
additional  one  hundred  cells  were  inserted  is  shown  in  fig.  82. 
M  B  is  the  receiving  telephone,  T  the  telephonic  transmitter,  K 
the  Morse  key.  E  represents  one  hundred  cells  of  battery,  and 
e  twenty-five  cells. 

When  the  key  was  now  (closed,  tlie  receiver  responded  without 
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difficulty.  By  inserting  an  additional  amount  of  battery  in  the 
circuit  at  the  receiving  end,  the  amplitude  of  vibration  on  the 
receiving  reed,  which  was  tuned  in  unison  with  the  transmitter, 
was  still  greater.  I  have  verified  this  experiment  at  different 
times  since  the  above  date,  and  on  diflEerent  lines,  varying  in 
length  up  to  five  hundred  miles  and  over.  It  will  be  observed 
by  studying  the  diagram  in  fig.  82,  that  the  only  effect  the  vibrator 
coidd  have  upon  the  circuit,  when  the  key  was  closed,  was  to 
throw  into  vibration  the  twenty-five  cells  included  in  its  short 
circuit,  at  a  rate  corresponding  to  the  fundamental  of  the  vibrator. 
It  would  seem  that  no  effect  could  be  had  from  the  one  hundred 
or  more  additional  cells,  inasmuch  as  they  were  simply  inserted 
in  that  portion  of  the  circuit  which  was  never  broken  or  opened. 
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except  to  produce  a  permaneiit  magnetic  effect  in  the  receiving 
magnet  corresponding  to  Its  current  strengtk  In  otlier  words,  if 
the  magnetic  effect  produced  by  tlie  one  bnndix^d  cellB  is?  repre- 
sented by  twenty,  twenty-five  additional  cells  wonld  increase  the 
magnetic  effect  to  a  certain  point  above  twenty,  and  when  taken 
off  it  wonld  fall  to  twcntVi  Lnt  not  below. 

If  the  power  of  the  twetity-five  cells  is  represented  by  five, 
why  should  it  not  be  exerted  witli  equal  power  without  the  one 
hundred  cells  iiiseited  in  the  circuit,  as  described?  This  was 
the  problem^  and,  in  a  measure  it  is  a  problem  still,  although  I 
have  satisfied  myself  in  regard  to  eeilain  facts  which  help  to 
strengthen  tlie  theory  wliicli  I  tlicn  Iteld  in  regimi  to  the  matter. 
I  snpf>osed  at  that  time  I  could  account  for  at  least  jaart  of  this 
effect.  upi>n  the  tlie<irvthat  the  speed  of  the  signal  was  increased 
by  the  additional  potential  given  by  the  larger  number  of  cells. 
In  other  woi-ds,  the  value  of  any  given  cell,  or  number  of  cells, 
when  fonning  part  of  a  large  battery,  is  greater,  especiallv  if 
used  on  long  lines,  than  when  used  alone.  This  theory,  how- 
ever, is  entirely  inadequate  tc*  aceoxint  for  the  whole  effect^  as 
will  appear  from  what  follows. 

Some  very  interesting  exiieriraents  beariug  upon  this  matter 
were  made  by  me  while  experimenting  with  the  speaking  tele- 
]>honej  known  as  the  battery  or  supplemental-magnet  telephone, 
a  diagram  of  which  is  shown  in  fig  83. 

In  this  instrument  no  permanent  steel  magnet  is  used ;  nor  is 
thei-e  connected  with  it  a  battery  current  flowing  through  the 
main  line.  Instead  of  a  jjennanent  steel  magnet,  such  as  is  moi^ 
commonly  used  in  speaking  telephones,  I  usetl  an  electro- magnet, 
B,  wliich  is  held  permanently  charged  by  a  local  battery.  The 
electro-magnct  C,  wliich  is  next  to  the  diaphragm,  and  which 
connects  with  the  line  and  ground,  and  a  corresponding  magnet 
at  the  other  end  of  the  line,  are  charged  by  induction  from  the 
core  of  the  niagiiet  B,  which,  as  before  mentioned,  is  chai^ged 
from  the  local  l>attery. 

Before  a  batt4?iy  current  had  been  passed  through  the  coils, 
and  while  the  cores  were  perfectly  neuti'al,  I  made  the  following 
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experiment :  I  coBnected  the  telephones  to  the  two  ends  of  the 
Hne,  as  shown  in  lig.  83,  and  put  on  a,  IocilI  luiltery  at  station  No. 
1,  shown  at  the  right  liand  of  tlie  diagram,  connecting  the  battery 
with  magnet  B  through  the  wires  44,  Tho  kK?:il  battery  at  sta- 
tion Na  2,  at  the  left  of  the  diagram,  was  for  the  time  left 
unconnected,  so  that  the  core  of  the  magnet  B,  and  also  that  of 
C,  were  both  in  a  neutrrd  s^tate.  I  now  placed  ray  ear  to  the 
telephone  at  station  No.  2,  and  had  my  assii^tant  speak  in  a  loud 
tone  into  the  irij^trumont  at  station  No^  1,  which  had  the  local 
batteiy  attached,  and  wa.s  therefore  in  condition  to  tmnsmit  the 
electrical  vibrations  produced  by  the  motions  of  the  diaphragm 
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Pficting  inductively  upon  the  then  magnetized  electro-magnet  0. 
I  Although  the  vibmtions  wero  passing  through  the  circuit,  and 
[consequently  tlirfjugh  the  ci>ils  of  magnet  C,  at  station  2,  I  could 
no  audible  efte(A  until  I  put  on  the  local  battery  and  charged 
hhe  cores  of  the  magnet  at  the  receiving  end  of  the  line.  Im- 
[mediately  after  this  was  dime  I  eould  hear  every  wonl  loudly 
land  distinctly,  making  in  all  respects  the  best  telephone  I  have 
[ever  heard^  due  to  the  fact  that  by  the  aid  of  local  batteries  we 
lean  make  of  soft  iron  a  nmch  stiT>nger  magnet  than  can  be  made 
[)f  steel.  I  then  threw  off  the  battery  at  station  2,  when  I  eould 
phear  the  words  very  faintly,  and  I  was  aide  then  to  transmit  very 
I  faint  soimds,  due  wholly  to  the  residual  chaise  left  in  the  iron 
rafter  the  battery  was  taken  oflE.    It  is  easy  to  see  why  no  sound 
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could  he  transmitted  from  the  apparatu;^  before  it  had  been 
charged  by  the  battery^  bet*au;se  there  was  neither  electricity  nor 
magiietiism  present,  nor  had  we  any  of  the  c<:>nditions  necessary 
to  prcKlnce  either  of  the^e  forces  by  sin^ijly  speaking  against  the 
diiipbragrn.  This  was  not  tme,  however,  of  the  No.  1  station, 
because  the  battery  was  connected  and  the  n^agnet  eharge<3.  No 
doubt  there  was  some  effect  produced  up<in  the  receiving  magnet, 
for  the  electrical  ioijuilses  passing  through  the  line  must  luive 
been  the  same  whethiT  the  luagncts  at  the  receiving  end  were 
charged  or  in  it  neutral  condition.  This  one  fact,  however,  was 
proroinently  brouglit  out,  that  in  order  to  make  an  electro- magnet, 
ivhich  is  the  receiver  of  rapid  vibrations  (such  as  will  coj^y  all 
the  motions  made  in  the  air  when  an  articulate  wonl  is  uttered), 
sensitive  to  all  the  changes  necessary  in  receiving  sounds  of 
varying  quahty,  it  must  be  constantly  charged  by  scmie  force 
exterior  to  the  electrical  vibrations  sent  through  the  wire  from 
the  trnnsniitting  station,  We  were  well  aware  that  this  conditioa 
is  unnecessary'  where  the  force  transmitted  is  of  suOicieut  magni- 
tude, or  where  the  signals  are  of  sufficiently  long  duration*  My 
experiments  lead  me  to  the  conclusion  that  a  soft  iron  core  is  far 
more  susceptible  to  the  slight  changes  in  the  electrical  conditions 
of  the  wire  surrounding  it  when  it  is  already  in  a  high  state  of 
uiagnetic  tensioD,  It  is  like  an  individual  who,  in  his  more  calm 
and  unruffled  moments,  may  l>e  surrounded  by  little  wa%^es  of 
excitement  without  being  alYected  l)y  them ;  when  on  the  other 
hand,  if  from  any  causo  whatever,  his  nervous  system  is  in  a 
state  of  tension,  he  is  readily  aJTeeted  by  every  disturbing 
influence,  however  slight 

It  will  be  noticed  that  the  above  observations  were  made  in 
iward  to  eleetrieal  impulses  of  ^ery  short  diuTition;  the  longest 
sevend  hundred  per  s^econd,  and  the  shortest  many  thousauLL 

The  explanation  of  the  above  results  may  lie  partly  understood 
when  we  fully  consider  the  effects  of  the  extra  current  w^hich  is 
induced  in  the  primaiy  circuit  itself;  especially  when  such  cir- 
cuit  has  included  in  it  the  ooils  of  an  electro-magnet 

The  fii-st  effect  from  a  current  of  electricity  passing  around 
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the  coils  of  an  electro-magnet  is  to  develop  magnetism  in  its 

ima  core ;  btit  as  soon  as  the  core  begins  to  magnetize,  it 

lip  a  momentiiry  itKliiced  ciiiT<?iit  in  the  o|>]in^ite  dii'ection 

to  llio  primary  or  inducing  enn-ent,  the  effect  of  whieh  is  to  re- 

I  tarrl  tlie  ehiirge  in  the  tii-st  instance. 

It  hiiH  long  been  known  that  this  reactive  effect  of  the  induced 

cuirent  is  strongest  at  the  very  beginning  of  the  electnctal  ex- 

dtement ;  while  this  effect  is  only  momentary,  its  duration  is 

still  s^  great  as  that  of  the  longest  vibratory  period  of  any  of  the 

clones  of  the  voice. 

When  the  magnet  is  ali'eady  charged,  the  induc6<l  current  is 

iir  less  aljle  to  net  a»  an  o]>posing  agent  to  tlie  flow  of  the  pri- 

ary  impulse.     The  constant  charge  given  to  an  electm-njagnet 

Ifieems  to  ha^^e  an  opjjo^ite  effect  upon  the  tHJcondary  imj>idse 

from  that  which  it  has  \i\Hm  the  primary.     For  I  notietMl  when 

experimenting  with  the  induction  relay,  that  if  I  charged  the 

priinarj'  coil  with  a  battery  power  of,  say  five^  the  initial  sec-ond- 

[ary  impulse  w<mld  l)e  far  greator  than  if  I  left  a  constant  charge 

of  five  in  the  primnry  and  suddenly  nused  it  to  t<?n, 

I  have  thought  tliat  a  further  possil>le  explanation  of  this 

(phenomenon  may  he  found  on  the  sui>po8ition  that,  when  the 

'molecules  of  the  iron  ai*e  in  a  ,^tate  of  magnetic  tension,  that  is 

to  say,  when  they  have  moved  fn*m  a  neutral  point  up  to  a  given 

position,  tliere  is  then  less  molecular  inertia  tt>  overcome  in  mov- 

ling   them   forwanl      Tlie   priri€ij>le    here  suggested   fiiHls   an 

Fanalogy  in  the  superior  resrmating  quaUties  of  a  soandingdHnird 

which  is  under  mechanical  tension,  as  compared  with  one  in  a 

neuti'al  state. 

It  follows  from  the  observations  made  above,  in  regard  to  the 
resistance  to  the  passage  of  rapid  vibrations  through  a  helix 
having  inserted  in  it  an  iron  core,  tliat  any  electro-magnet  in- 
serted in  the  circuit  through  which  rapid  vibrations  are  electri- 
cally transmitted,  will  either  tot^illy  al>s<)rb  Uiem  or  greatly  dimin- 
ish their  power.  This  is  fcnind  to  be  true  in  pi-actiee,  and  it  %va3 
a  serious  prolilem  how  to  successfully  use  s|jeaking  telephones 
upon  lines  where  more  than  two  stations  were  necessary.     In 
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order  to  be  able  to  call  the  party  witli  whom  we  wish  to  commu- 
iiirate^  it  is  necessm-j  to  have  bell  magnets,  or  other  signaling 
ainuiratiis  invulviug  the  use  of  an  electro-magnet,  and  the^ 
maguela  must  l>e  in  circuit  when  the  line  is  not  in  use,  to  be  in 
jH^sition  to  receive  a  call  from  any  station  on  the  lina  If  A,  B 
and  C,  have  offices  on  tlie  siune  line,  and  A  slionld  sigmil  to  C, 
they  would  both  switch  out  their  Ik.'11  magnets  and  switch  in 
their  tcle]>lioneH;  but  B'^  liell  magnet  would  still  remain  in  cir- 
cuit and  act  as  a  resistance  to  the  passage  of  vibmtions  over  the 
line.  This  difficulty  is  fully  obviated  by  the  use  of  a  condenser, 
which  is  placed  in  a  bmneh  circuit  i>assing  around  the  bell  rnag- 
neta  So  effectual  h  the  remedy,  that  even  fi\'e  or  six  magnets 
may  be  inserted  in  the  line  without  perceptibly  diminishing  the 
lovidness  of  the  tones  over  that  of  a  clear  wire  of  the  same 
length.  The  action  of  the  condenser  in  this  ca-se  has  been  to 
some  extent  explaine<:l  in  an  article  published  in  the  second  niiiQ#  , 
ber  of  this  journal.^  ^H 

The  effect  of  acondeniseron  impulses  of  short  duration  is  Jiraff 
the  I'everse  of  that  of  an  elei-tro-maguet ;  the  latter  offering  a 
momentary  opposition  to  the  passage  of  the  impulse  by  creating 
a  counter  one,  which  to  a  great  extent  neutralizes  it,  while  the 
former  offers  au  easy  passage  to  it  so  long  as  the  condenser  is 
filling,  which  occupies  a  very  short  space  of  time.  The  do- 
creajse  in  resistance  effected  by  the  use  of  the  condenser  is  only 
momentary,  and  will  be  of  no  service  wliutever  in  prolonged 
Bignala.  On  the  other  Imnd^  the  increase  of  i"^esistance  caused  by 
the  in.^rtion  of  an  electrn-niagnet  in  circuit  is  also  momentary, 
and  does  not  act  as  a  retarding  influence,  where  the  signal  or  im- 
pulse is  sufficiently  prolonged,  more  than  t!ae  same  amount  of 
any  artificial  resistance.  ^^ 

I  will  mention  another  j>eculiarity  which  relates  to  the  cofli^ 
struetion  of  the  speaking  telephone,  with  reference  to  its  ability 
to  accurately  reproduce  the  characteristics  of  any  voice  or  any 
sound  that  may  be  ti^ansniitted  thTOugh  it  or  received  by  it 


1  For  M  doticriptigu  of  tlio  appUcutlc^u  of  thu  ootidoiuior,  sue  pig«&  80  and  St. 
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It  is  a  well  koown  principle  in  acoustics  that  that  element  of 
sound  which  we  call  quality  or  character  is  detemiined  l»y  the 
number  of  over-tones  that  accompany  any  given  fundamental, 
and  the  p<isition  that  they  sushi  in  with  refen^nee  to  the  funda- 
menttd.  For  instance,  a  pure  tone  is  made  by  a  given  number 
of  vibrations  |>er  second,  its  vibmtory  |>eriods  occur  at  equal 
inten* als,  and  it  has  no  other  tones  accornpimying  it,  of  any  pitch 
or  intensity  whatever.  Asa  matter  of  fact,  however,  nearly  all 
tones  are  composite  in  their  cliarncter,  and  the  nature  of  tlieir 
composition,  with  reference  to  number  and  intensity^  determines 
the  character  of  the  ooniposite  tone  as  a  whole. 

An  a]>proximately  pure  tone  is  ol>tained  from  a  tuning  fork 
oonstruetc<l  with  great  care,  mounted  upon  a  box  wlioso  cavity 
corresponds  accumtoly  to  the  pitch  of  the  fork  when  the  air 
column  conbuned  within  it  is  thro\^^i  into  %nbratioa  Wlien  the 
fork  is  thrown  into  \nl)mtion,  the  sound  of  the  vowel  U  will  pro- 
ceed from  the  cavity  of  the  box.  Hence,  the  cliamcteristic  of 
the  vowel  U  is  purity  of  tone,  and  may  he  likenc<l  to  one  of  the 
positive  colors,  unshaded  by  the  admixtui'o  of  any  other.  On 
the  other  hand,  if  we  a<ld  to  this  pure  tone^  or  the  vowel  0,  a 
tone  whose  vibrations  are  doal>lo  the  rate  and  veiy  intense;  tdso, 
two  more  tones  of  feeble  intensity,  (me  with  a  rate  three  times 
as  great  as  the  fundamental  or  lowest  tone,  and  the  other  four 
tiroes,  we  shall  have  a  composite  resnltant  sound  wiiose  character 
is  that  of  the  vowel  O,  And  so  by  varying  the  composition 
with  reference  to  number  and  inteiisitv  of  tones,  we  ]>r<Mluce  in 
turn  all  of  the  other  vowel  sounds,  and,  in  fact,  every  shade  and 
variety  of  audible  exprpssion.  Every  chimn;e,  however  slight^  in 
any  single  element  of  a  comjiosite  tone,  either  in  amplitude  of 
vibftition,  rate  or  relation  to  tlie  fundament-al  tone  in  the  clang  or 
composition,  produces  a  change  in  the  quality  of  the  sound  as  a 
whole.  From  this  it  will  be  obsened  how  inii>cutaut  it  is  that 
the  apparatus  we  use  in  transmitting  and  reproducing  articulate 
?fieech  shall  copy  witli  tlie  greatest  accuracy,  both  in  the  trans- 
mission and  ri^produetion,  all  the  nu)iionsmade  in  the  air  b}'  the 
speaker.     Any  attempt  to  reinforce  the  vibrations,  by  mounting 
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\he  diapbragm  on  resoimDt  subsUinces,  such  i\B  wood,  and  over 
hollow  air  cavities^  servos  to  mutilate  the  wordrf  traiisinitte<l,  ami 
destro)'  the  peculiar  cliaracteristirs  of  the  bouihL  A  few  nu*- 
mentis  i^tvidy  of  the  laws  of  acoustics  wiJl  suggest  reasons  why 
tills  is  so. 

Every  solid  substance  of  a  resouuut  character — striking  ex- 
amples of  which  are  wood  and  some  of  tbe  metals — ^tends  to  as- 
sume a  fuiidament^il  character  when  thrown  into  vibration.     For 
instance,  wheti  we  strike  a  hell  of  a  given  .size^  it  gives  a  clang 
of  the  same  chanicter  at  every  stroke.     If  tlio  si^e  of  the  liell  is  ' 
changed,  the  character  of  the  Bound  or  clung  wil!  change,  so  that 
everything  of  a  solid  or  mtussive  diameter  may  be  said  to  be  able 
to  respond  jnore  ivudily  to  some  toners  tliau  others.     This  char- 
acteristic inen^ases  ii^  the  body  assiunea  the  form  of  a  vibratory 
reed  or  timing  fork,  and  it  dirniuislies  as  the  body  is  tlattened 
into  a  thill  shape,  and  assumes  tlu?  h*rm  of  a  diaphragm^  so  that ; 
it  ceases  to  vilirate  more  rejidily  as  a  whole  than  in  its  equal 
parts.     It  hiL*^  tben  more  of  the  characteristics  of  the  air  with 
reference  to  its  ability  to  take  up  .siiuultiinei3us]y  all  forms  o£ 
motion.     If,  then»  the  ti'ansmitting  diaj>hragm  of  a  speaking  tele- 
phone is  so  constmcted  and  riiouute<l— with  refei-cnce  to  wbat 
ever  device  is  used  to  tnmsfonn  it^  mechanical  mc^vcments  into 
electrical  movements  of  the  same  quality — that  it  copies  accu- 
rately the  motions  of  the  air,  it  must  transmit  perfectly,  and 
reproduce  at  the  receiving    end  the  siune   characteristics    of 
sound  that  were  tmnsmittcd,  provided  the  receiving  instrument 
:s  equally  perfect  in  itH  constriction.     To  seeinxt  this  i-esnlt^  even 
after  the  dia}ihragm  is  as  perfect  as  ]>ossible  with  reference  to 
size,  thickness  and  qnality  of  material,  it  mnst  be  so  mounted  as 
not  to  excite  the  resonant  qualities  of  the  surrountling  material 
which  may  be  a  part  of  the  instrument     To  this  end,  the  instru- 
ment slunild  lie  constructed,  especially  that  jmrtion  wiiich  is  im- 
mediately above  and  below  the  diaphi-agm,  of  some  uon-ro8i>nant 
material,  and  the  diapliragm  should  l>e  clampt^d  at  its  edges  by 
something  in  the  shape  of  a  pad  or  cnshion.  ^    The  air  spfitM:r  alx)ve 


1 A  device  ori^^uiilly  Migj^tiiited  by  Prul'tibsiui'  A.  E.  Dt>U>car. 
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and  l>elow  the  diaphragm  should  be  the  smallest  possible.  On 
the  other  hand,  if  the  body  of  the  instrument  is  made  t»f  W(X>d, 
and  an  air  cavity  of  considemble  size  is  miuie  under  the  dia- 
phragm^  or  if  any  de\nce  is  employed  to  rciufoix^e  the  tones,  the 
effect  will  be  to  mutilate  the  articulation,  and  change  the  char- 
acter of  the  tmnsmitted  sounds.  The  reason  for  this  will  appear 
veiy  plain  when  we  consider  the  importance  of  preserving  the 
relations  of  all  the  simple  elements  wliich  make  up  a  composite 
sound  of  a  given  cliaracter.  These  resonant  devices  will  resonate 
or  reinforce  some  of  the  tcmes  of  a  ehuig  and  not  tiie  others,  thus 
throwing  tlie  composition  out  of  proportion^  and  consequently 
destrr>ying  its  character. 

^  In  the  foUijwing  pages,  which  relate  especially  to  the  tele- 
Iphic  transmission  of  musical  and  other  sounds,  it  is  my 
ign  to  give,  with  as  much  accuracy  as  possible,  a  concijse 
history  of  my  own  experiments  and  observations,  as  they  have 
been  made  from  time  to  time  since  I  began  the  investigation  of 
this  subject  It  is  not  my  intention  to  enter  into  the  work  which 
has  been  done  by  others ;  but  to  furnish  as  faithful  a  record  as 

;  possible  of  my  own^  leaving  the  world  to  judge  who  is  most 
justly  entitled  to  priority  of  invention  and  discovery  in  respect 
to  the  various  things  hereinafter  set  forth. 

At  the  time  when  I  l^egan  my  investigations  in  connection  with 
the  above  suhject*raatter,  I  had  no  knowledge  that  any  one  had 

*  pi^evio^isly  done  anything  in  this  field  I  was,  however,  familiar 
with  the  general  fact  which  had  been  made  known  by  Page  and 

I  Henry,  in  relation  to  the  effect  produced  upon  the  iron  core  of 
an  ele<ttrO' magnet  at  the  moment  of  its  charge  and  discharge.  I 
also  had  SJme  geneml  idea  of  tlio  nature  of  the  experiments  of 
Eeiss,  of  Gernnmy,  which  were  made  about  the  year  1861,  but 
had  no  knowledge  at  the  time,  or  until  more  than  a  year  after 
I  had  been  actively  engaged  in  telephonic  research,  that  any  one 

I  beside  myself  was  devoting  any  attention  to  the  same  subject 
A  glance  at  my  antecedents  may  not  be  inappropriate  at  this 


*  Abntraot  of  Eeptrimenial  St^^archaify  hy  EIirIih  Gru>%  Sc\  I). 


184 


THE  SPEAKING  TELEPHONE. 


point,  inasmuch  as  it  will  help  to  show  how  I  came  to  be  led 
into  this  particular  field  of  pliysical  reseivrch. 

From  my  earliest  recollection  I  was  profoundly  interested  in' 
all  the  phenomena  of  nature,  and  had  an  intense  desii-e,  whenever 
I  saw  any  manifestation  of  physical  force^  to  become  acquainted 
with  the  secret  of  its  operation.     When  I  saw  a  piece  of  ma- 
chineiy  of  any  character  whntsoever,  I  usually  attempted  to  re-| 
produce  it    Of  couri=ie  I  was  unsuccessful  in  most  instances,  owing  | 
to  the  fact  that  my  facilities  for  constmctiog  machines  were  veryj 
limited,  and  my  experience  as  a  mechanician  at  thateai'ly  age" 
was  meagie.    However,  not  all  of  my  attempts  were  failures ;  for, 
I  have  in  my  mind  the  memciry  of  the  opemtion  of  many  ma* 
chines  constructed  by  my  own  hands,  mngiug  from  a  saw^milll 
run  by  water  power  to  a  Morse  telegraphic  appaiutus. 

Among  all  the  phenomena  throughout  the  domain  of  physics,] 
notbnig  took  such  hold  upon  my  mind  as  that  exhibited  in  the  J 
various  effects  produced  by  the  action  of  electricity,  I  read! 
whatever  I  could  find  relating  to  this  siil>jcctj  with  the  samel 
eagerness  and  interest  that  most  boys  would  read  Robinson 
Crusoe  or  the  Arabian  Nights ;  and  many  were  the  scoldings — 
to  say  nothing  of  stronger  appeals  that  were  sometimes  made — 
that  I  received  in  consequence  of  my  enthusiiisra  in  experi- 
mental investigations  in  the  varioiLs  branches  of  physica  As  I 
look  back  from  thi.s  point,  however,  I  feel  no  disposition  to  com- 
plain of  what  I  then  not  unnatumlly  reganied  as  hai-sh  treat- 
ment; for  I  can  readily  see  that  it  was  not  altogether  pleasant 
for  my  mother  to  find,  as  she  sometimes  ditl,  that  whole  skeins  of 
flaxen  thread,  which  she  had  span  with  her  own  fingers,  had 
biH:?n  used  up  in  maimfacturing  belts  to  drive  machinery  which 
in  her  eyes  promised  very  small  reaidts ;  or  to  discover  that  her 
best  case-knife  had  been  notched  into  saw-teeth,  with  which  to 
equip  a  miniature  sfiw-milL  Neither  was  it  altr^gether  agreeable 
to  her  feelings  to  find  her  only  quart  bottle — for  quart  bottles 
in  tliose  days  were  rai*e,  and  highly  prized  by  the  housewife 
^-converted  into  a  cyhudcr  for  an  electrical  machine  ;  or  to  have 
the  copper  bottom  of  her  wash-boiler  cut  up  t«i  make  the  plates 
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of  a  galvanic  pile,  I  evea  tliink  I  would  have  iBvaded  the 
sacred  precincts  of  her  bandbox,  which  was  onlj  opened  once 
a  week,  if  thereby  I  could  have  made  its  contents  subserve  a 
pui-pt^se  in  connection  with  any  of  my  boyish  schemes. 

While  yet  a  boy  I  constructed  a  Morse  register,  all  the  parts 
of  which  were  made  of  wood,  witli  the  exception  of  the  laagnet, 
armature  and  embossing  p^int  in  the  end  of  the  lever  (which 
latter  I  made  by  filing  a  nail  down  to  a  point).  I  hail  the  magnet 
bent  into  a  U  fonn  by  a  blacksmith^  and  then  wound  it  with 
brass  bell-wire,  which  wa.^  insulated  with  strips  of  cotton  cloth 
wrapped  around  it  l»y  hantl      For  a  battery  I  made  use  of  a 

^ady  jar,  in  which  I  placed  coils  of  sheet  copper  and  zinc,  with 
i  solution  of  blue  vitriol     With  these  materials  I  succeeded  in 

'  IfiftkiDg  a  very  good  electro-magnet,  which  would  sustain  nearly 
a  pound  weight,  and  which,  when  mounted  as  a  part  of  the  instru- 
ment, performed  the  work  of  actuating  the  armature  with  per- 
fect Buccess, 

At  quite  an  early  age  I  was  apprenticed  to  a  blacksmith,  and 
workefl  with  him  at  tliiit  biLsiness  about  one  year.  Some  of  the 
edge  t4X)ls  which  I  made  daring  that  time  are  still  in  my  mother  s 
possession.  I  soon  found,  however,  that  this  business  was  too 
laborious  for  me,  as  I  wits  naturally  of  a  rather  frail  constitution, 
I  therefore  relinqutslied  it,  and  became  an  apprentice  to  a  car- 
penter, joiner  and  boat-builder,  I  served  a  full  apprenticeship, 
during  which  time  I  was  employed  in  almost  every  department 
of  wood-work. 

The  prime  motive  which  actuated  me  through  all  these  years 
that  I  harl  worked  at  the  bench  was  my  tiiirst  for  knowledge. 
I  felt  sure  that,  with  my  trade  as  my  capiud,  I  could  work  my 
way  tljn>ugli  a  counse  of  study.  In  pursuance  of  this  i<lea, 
the  time  having  expired  for  which  I  had  apprenticed  myself 
(three  years  and  a  half),  I  began  a  regular  course  of  study,  while 
}>y  working  a  portion  of  each  day  and  during  vacntion  at  my 
trade,  I  was  eniihlcd  to  pay  my  necessary  expenses  and  keep  up 
with  my  class.  Here,  as  eveiywhei-e  else,  the  capacity  and  ability 
to  master  everything  relating  to  physical  science  was  perhaps 
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the  tnost  prominent  characteristic  exhibited  dxmiig  my  collegiate 
course.  While  studying  natural  philosophy,  it  was  my  custom  to 
uiuke  and  cany  with  me  into  the  class  such  apparatus  as  could  be 
readily  constmcted  and  would  serv^e  to  illustmte  the  lesson.  My 
habit  of  actually  con.^tinictingevei'Tthing  which  I  saw  or  read  of, 
so  far  as  my  facilities  would  allow,  w\is  the  best  possible  method 
of  tixing  the  principles  of  its  operation  firmly  in  my  mind* 

I  have  given  this  short  autobiographical  sketch  sirnply  to  show 
the  natural  bent  of  my  mind,  and  the  characteiistics  which  have 
been  most  pmniinent  tlirough<_*ut  my  lifa 

My  cai*ecr  as  a  professional  electrician  and  inventor  dates  &om 
the  year  1865,  since  which  time  I  liave  invented  muneroua 
electrical  appliances,  mostly  relating  to  telegi-aphy.  Some  of 
these  have  gone  into  general  nse^  but  onl}^  a  portion  of  them  have  ; 
been  secui'ed  by  lettei-s  |)atcDL  My  time  has  been  wholly  cjc- 
cupied  in  the  prosecution  of  electrical  investigations  and  in- 
ventions, with  the  exception  of  that  which  has  been  re<juired  to 
secure  and  exploit  certain  of  the.se  inventions,  and  that  which 
has  l)een  devoteil  to  the  science  of  acoustics^  in  connection  wWK 
the  telephone. 

My  tii^st  patent  for  electrical  or  telegraphic  apparattis  wan 
granted  October  1,  1867,  Since  that  I  hiive  made  a  consider- 
able number  of  electrical  inventions,  many  of  which  have  been 
patented.  Including  cases  now  pending,  the  number  amouDta  to 
about  forty  in  this  coiuitiy  and  thirty  in  foreign  countries. 
Thirty  of  the  United  States  cases  and  twenty-five  of  the  foreiim 
i-elate  to  the  harmonic  telegmph  or  telephone^ 

Fig.  84  shows  the  arrangement  of  the  circuits  and  position  oi 
the  operator  w^hen  the  bath-tul)  cxperitnent  was  made,  which  ib 
descril>ed  on  page  151. 

This  experiment  produced  a  profoiuni  unpression  upon  my 
mind,  and  determined  me  at  once  to  tiike  the  matter  up  in 
{^earnest  and  see  what  might  be  in  it 

I  procured  a  violin^  and  taking  off  the  strings,  substituted  in 
their  place  a  thin  metal  plate  jiromled  with  a  wire  connection, 
80  that  I  could  attach  it  to  one  pole  of  the  induction  coil  or  bat- 
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terj,  thus  placing  it  iti  the  same  position,  with  reference  to  tlie 
body,  that  the  bath-tub  was  in  the  original  experiment.  By 
rubbing  the  plate  in  the  same  manner  a3  before  described,  the 
sound  of  tho  electrotome  was  reproduced,  accompanied  by  the 
peculiar  quality  or  timbre  belonging  to  the  violin.  I  noticed, 
however,  that  the  characteristics  of  the  initial  vibrations  were 
faithfully  preserved,  and  all  that  was  needed  was  to  sift  out  such 
foreign  vibrations  as  were  excited  in  the  receiver,  owing  to  its 
peculiar  construction ;  in  which  c^sc  there  would  remain  the  exact 
character — nothing  more  nor  nothing  lesa^of  the  ti'ansmitted 


vibrations.    Fig.  85  shows  the  violin  and  the  manner  of  holding 
it  when  in  operation. 

I  subsequently  substituted  for  the  animal- tissue  receiver  ati 
clectrO'magnet  ct^mbined  with  a  ln»lk>w  box  of  tinned  ir<>n^  hav- 
ing an  openuig  in  otie  aide^  while  tlji5  other  was  held  over  the 
ix)les  of  the  nuignet  at  such  a  distance  from  it  as  would  produce 
the  best  effect 
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With  this  apparatus  I  noticed  that  when  I  depressed  two  keys 
on  my  transmitter,  i£  these  were  in  the  proper  relation  to  each 
other,  a  composite  tone  would  be  received,  thus  demonstrating 
the  general  faet,  that  with  a  reeeiver  properly  constructed  and 
a  transmitter  properly  made  and  arranged  in  the  cii^^uit,  com- 
|K?site  tones  of  varying  quality  could  be  transmitted  and  received 
telegraphically.  This  appamtus  is  shown  in  fig.  86.  In  both  of 
these  oases  I  used  an  induction  coil,  placing  the  transmitters  in 
the  primary,  while  the  line  was  connected  to  the  secondary  coil 

Tiie  alx>ve  fact  respecting  composite  tones  was  more  sti^ongly 
impi'essed  upon  my  mind  when  I  completed  my  musical  trans- 


mitter,  having  »  series  of  tuned  reeds  corresponding  to  the  dia- 
tonic scale.     This  instrument  is  shown  in  fig.  87. 

When  the  fact  dawned  upon  me,  and  liad  been  confirmed  by 
demonstration,  that  sounds  of  a  composite  character  could  be 
transmitted  through  a  telegraphic  circuit  and  reproduced  at  the 
receiving  end,  and  the  possibilities  of  the  invention  and  the  great 
results  to  which  it  must  eventually  lend  passed  through  mv 
mind,  I  at  once  foresaw  so  many  possible  applications  of  it 
that  it  became  a  serious  question  which  line  of  investigation  to 
first  pursue. 

Among  other  conceptions  of  the  probabilities  of  the  invention 
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was  that,  at  an  early  day,  not  only  musical  compositions  of  a 
coniplicatetl  character,  hut  even  articulate  speech  would  be  trans- 
mitted  through  a  single  telegraph  wire. 

In  addition  to  this,  I  could  plainly  see,  also,  how  that  musical 
tones,  differing  in  pitch,  eoukl  be  simultaneously  transmitted 
through  the  wire  and  analyzed  at  the  receiving  end,  so  that  a 
transmitter  and  a  receiver  correspondingly  tuned  would  trans- 
mit and  receive  a  tone  corresponding  to  their  own  pitch,  reject- 
ing all  olhei*3;  while  at  the  same  time  a  numl»cr  of  other  t^mes 


differiBg  in  pitch  might  l>e  simultaneously  transmitted  and  re- 
ceived  through  the  same  wire. 

In  truth,  the  general  fact  had  already  been  demonstrated,  but 
there  was  still  needed  that  perfection  in  the  details  of  apparatus 
and  armngement  of  circuits  which  wei-e  essejitial  to  success. 

Another  conception  wliich  occun*ed  to  me  at  this  time  wa^ 
that  of  applying  the  invention  to  a  printing  telegraph,  so  that 
each  tyjie  would  be  actuated  by  a  tone  of  a  particular  pitch. 

Having  all  these  uses  in  my  nnud,  and  supposing  I  had 
securer!  in  my  first  patent  the  fundamental  principles  that  would 
underlie  all  the  various  applications  that  might  be  made  ia  the 
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matter  of  ta-ansmittiiig  sounds  telegraphically,  I  pursued  my 
investigations  in  a  systematic  way,  placing  eiich  ilcvelopment  Uy 
the  ci*edit  of  the  particular  application  to  which  it  seemed  to 
belong. 

Being  well  convei-sant  with  the  fact^,  so  far  as  they  were 
then  known  in  the  sciences  of  electricity  and  magnetisn^  I  was 
fully  prepared  to  avail  myself  of  what  had  already  been  done  in 
that  line.  I  was  not,  however,  experimentally  couvei^saut  to 
the  same  ext^ent  with  the  facts  in  the  science  of  acoustics,  but 
theoretically  the  subject  was  a  familiar  one  to  me.  I  devoted 
considerable  time  to  familiarizing  myself  exi)erimcTitaIly  with 
that  science^  especially  tliat  branch  which  related  to  the  qualities 
of  composite  tones  ;  so  that  I  was  able  to  give  the  composition  of 
the  various  vowel  sounds,  and  determine  in  geneml  the  relation 
between  the  character  of  a  sound  as  it  seemed  to  the  hearer  and 
the  physical  fa<:t  as  it  existed  in  the  form  of  motion,  either  in  the 
air  or  any  medium  through  which  it  was  propagated  In  this 
onnection  I  made  a  jiuraber  of  experimcnti*  having  reference  to 
tie  transmission  of  sounds  varying  in  quality. 

I  devoted  myself  principally  to  the  construction  of  various  de- 
vices for  transmitting  musical  tones  telegraphically,  (or  this 
seemed  to  be  the  tii'st  fundixmental  step  to  take  in  the  direction^ 
either  of  musical  or  of  multiple  telegraphj-, 

I  accordingly  experimented  with  various  forms  of  transmitting 
reeds,  one  of  which  consisted  of  an  ortlinary  electro-magnet  and 
a  i*eed  made  of  a  piece  of  watch-spring,  one  end  of  which  was 
fixed  to  one  pole  of  the  magnet,  while  the  other  or  free  end 
projected  over  the  other  pole,  a  short  distance  from  it,  so  as  to 
form  an  armature. 

The  circuit  which  actuated  this  reed,  after  passing  from  one 
pole  of  the  battery  through  the  helix,  was  connect^xl  to  the 
magnet  cores,  thereby  making  the  reed  a  part  of  the  circuit,  the 
pole  being  connected  to  a  point  resting  against  the  reed  one 
third  of  the  distance  from  its  fixed  to  its  free  end. 

The  tmnsraitting  reed  above  described,  when  adjusted  very  ac- 
curately, will  give  a  musical  tone  of  great  purity ;  but  the  slight*:*st 
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change  in  the  adjuatmont,  even  a  jar  of  the  table, 

into  nodes,  and  give  a  note  a  third  or  an  oqXl'i 

fundamcntaL    It  was  e\ident  to  my  mind  tbat  i 

^nt  difficultiee  in  tbe  uae  of  this  form  of  recxl  whidi  would  rooder 


lig,  88. 

It  impracucabip  for  repilar  Iii  the  iir>f  ;  l;i'  •",  it  v.'x^  t v>j 

flexibUr  tkrougliout  its  >^^!  l^Ii^  parUtkin^  hui^tlv  i  i  liiu' 

projiertiea  of  a  thin  diaphragm,  and  thereby  res^ponding  too 
readily  to  the  hannonica  of  its  fimdamentnL     Another  difficoltj 


[that  the  free  motion  of  the  reed  was  impeded  hy  iL^  c>-^m- 
ing  in  contact  with  the  break- point,  where  the  crnrretii 
niptecL 

To  obviate  the  rlrai  «»bjectioru  u  reed  was  made  of  heavil 
material^  and  tuned  hy  ffling  it  at  one  pointi  near  itH  fisna 
€ndt  w*  ahown  in  fig.  88.    To  obriato  the  eccond  objection— th^ 
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contact  between  the  reecl  and  breat-point — ^a  short  and 
thin  intermediate  spring  was  mounted  upon  the  reed,  the  free  end 
of  which  came  in  contact  with  the  bi'eak-point  This  inter- 
mediate  spring  is  shown  in  fig.  89. 

Several  forms  of  receivers  invente*!  by  me  have  been  already 
described.     Atiother  (ona  is  shown  in  %,  90» 

This  consiste<l  of  a  sheet  of  silver-foil  pa]>er  stretched  upon  a 
metal  hoop  about  four  inches  in  diameter,  like  a  tambourine, 
terminating  in  an  insulati'd  hnndle.  Attaching  the  line  to  this 
hoop,  by  a  connection  which  ran  through  the  handle^  and  grasp- ' 


ing  the  ground  or  return  wire  with  one  hand,  at  the  same  time 
holding  the  paper  ihmn  with  the  other,  tlie  tune  would  be 
audible  not  only  to  the  one  holding  it,  but  to  othei-s  ncixr  by. 
This  I  discovered  to  be  wholly  due  to  spark  action,  and  not  to 
W  acf*ounted  for  on  the  same  principle  as  when  the  naked 
plate  and  rubbing  were  employccL 

Another  form  of  receiver  is  shown  in  fig.  91 

It  consists  of  an  iron  pan  monrxted  upon  a  wooden  base^  nnd 
supported  by  the  standard,  which  is  lirmly  secured  to  the  base 
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and  tlie  rim  of  ibe  mm  pan.     The  bottom  of  ihe  pan  I  used  m  i 
diapfaragm  for  the  leoeirer  of  musical  and  other  aouiida;  and  th^i 
rim  EDSircnsd  as  a  firame  in  wbich  the  diaphnigm  was  held  iaJ 
poeilkni.     UiM>ii  anotlier  staodaidf  mouiiied  oa  the  same  baso^ 
and  near  to  it,  was  fixed  an  electro-magnet  whose  pcil^  projected 
into  the  paa  and  neari3%  but  not  quite,  toaching  its  bottom.     Bj 
meuia  of  a  sciew  between  the  two  standazda,  I  was  enabled  to 
secure  the  proper  position  of  the  magnet  with  refeffenoe  to  the 


^.  di. 

diaphragm,  I  sometimes  uEed  a  supplementary  brace  (not 
xliown),  which  rested  against  the  top  of  the  rim»  as  an  additional 
means  of  more  rigidly  holding  the  diaphragm  in  position. 

This  instrument  I  ii^^ed  in  c*.>[incctiori  with  various  tituismitters,^ 
Ci^pecially  with  the  one  shown  at  fig*  87,  and  was  the  result  of 
a  scries  of  exi>eriment3  with  tliin  iix>n  and  steel  plates  mount 
over  the  pola*i  of  an  electro-magnet  This  I  found  to  be  a  con^ 
venient  way  of  mounting  thin  plates.     It  will  be  observed  i 
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^P  spa< 


lis  instrument  embraces  all  the  substantial  features  in  the  me- 
Lnical  construction  of  the  speaking  telephone  of  to-day.  When 
jd  in  eoanection  with  my  articulating  transmitter,  articulate 
»rtls  have  been  received  upon  it^  and  wiieu  a  duplicate  of  the 
jlmment  is  inserted  in  a  closed  cii'cuit,  which  includes  a  gal- 
enic batter}%  it  bwomes  a  speaking  telephone  capable  of  acting 
►th  as  a  transmitter  and  as  a  receiver, 

designed  another  method  of  transmitting,  which  I  called 

organ-pipe   transmitter,  shown   in  fig.  92.     The  flawing 

„.rB  a  top  and  a  side  view  of  an  ordinary  organ  pipe,  with 

space  cut  away  at  the  centre,   in   length  about  equal  to 


/\tf.  92, 

^he  width  of  the  pipe,  and  in  depth  just  the  thickness  of  the 
^kall  of  the  pi]u»e,  n>aking  an  opening  which  was  covered  with 
^M  thin  diaphnigm  b,  A  screw  D,  provided  with  a  platinum 
^^int  projecting  through  a  metal  Ijmce  d  secured  to  the  side  of 
the  pipe,  was  adjiLsted  very  near  to  the  diaphragm  k    The  latter 

Kd  glued  to  it  a  thin  piece  of  platinum,  to  which  was  connected  a 
tall  wire  c,  terminating  in  a  binding  jx)st  C. 
It  is  a  peculiarity  of  an  organ -pii)e  with  an  open  end,  that 
^krhen  its  fundamental  not©  is   sounded  the  waves  are  con- 
^%enscd  most  powerfully  in  a  lateral  direction  in  its  centre     I 
took  advantage  of  this  fact  to  produce  a  vibration  iu  the  dia- 
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phragra  5,  wliich  would  make  contact  at  each  movement  witb  the 
screw  D.  As  tlie  condensations  and  rare  fact  Loii:*  of  the  air  in  the 
tube  wei^  gynchronoiis  with  the  vil^ratioua  necessary  to  protjuce 
a  tone  corresponding  to  the  fundamental  of  the  pipe,  it  is  plain 
that  the  movement  of  the  diaphragm  would  be  the  saraa  By  con 
necting  a  battery  and  receiving  instrument  through  the  bind^ 
ing  posts  and  the  point  D,  when  the  organ-pipe  is  sounded 
its  proper  tone  will  be  produced  on  the  receiving  instrument  by 
elec tro  ■  m  iig  n  p t i  c  ae t i  <  > n. 


I\g,  93, 

I  made  a  series  of  these  transmitters,  operating  them  with  a 
bellows,  and  when  worked  wth  uniform  pressure  of  air,  they 
produced  splendid  results.  In  fact^  it  makes  a  very  good  form  of 
transmitter,  and  other  things  being  equal,  would  be  quite  as  good 
as  the  one  we  have  most  generally  used.  This  method  of  trans- 
mission,  however,  involves  the  employment  of  a  bellows,  pro-* 
vided  with  some  attachment  for  muintauiing  a  unifonn  pressure, 
as  well  as  with  pjwer  to  work  it ;  so  that  it  seemed,  at  least  for 
telegraphic  purj>oses,  that  some  form  of  transmitter  having 
electi'icity  for  its  motive  power  would  be  more  apprc^priate.     1 
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lierefore  ooutinual  to  prosecute  my  exi>eriments  in  that  direc- 


aon. 


In  oixler  to  diminisli  the  number  of  magnets  in  a  transmitter 
taving  a  large  nunil>er  of  reeda  differently  tuned,  I  designed  a 
compound  magnet,  aa  shown  at  fig.  93. 

This  consisted  of  two  oiTlinary  el ec:tro- magnets^  with  their  pole^ 

far  enough  apart  to  give  the  pamper  length  to  the  reeds.     I  con- 

Hpnected  the  positive  pole  of  each  to  the  ends  of  a  bar  of  aoft  iron 

^nbout  eighteen  inches  in  length,  and  the  negative  pole  to  a  similar 

^n>ar,  BO  that  when  the  magnets  were  charged  one  bar  would  show 


Fig,  94. 

ave  or  noilh  polarity  and  the  other  south.  The  magnetism 
[about  equally  distribut-ed  through  the  length  of  each  ban 
This  arrangement  enabled  me  to  get  a  large  number  of  reeds 
apon  a  small  number  of  magnets.  I  found,  however,  that  the 
ower  was  too  much  distributed  to  proiluce  good  results  upon 
liny  single  reed,  without  increasing  the  battery  to  an  undesirable 
^ej3ctent^  so  I  abandoned  this  form  and  subsequently  constructed 
the  one  shown  in  tig  94 

This  is  substantially  the  same  as  my  transmitter  shown  in  fig. 
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87,  except  that  I  use  two  and  three  reeds  upcm  e^eh  suign^  tQ 
differently  tujied. 

Another  form  of  tranfimitter  iuyented  bj  me  is  sfaoPWiL  in 
fig.  95. 

It  consisted  of  a  revolying  shaft,  upon  which  wwe  iiM«nt<«^ 
two  eccentric  canij^  having  one  or  more  pm}ectioii&,     Tbcat 
actuated  two  small  levers,  causing  them  to  vibmte  upon  tlidr 
respective  break-points,  through  which  points  a  batterr  cuirest 
passei     From  a  pulley  on  this  shaft  I  connected  a  belt  toott^ 

of  the  wheels  of  a  lathe  which  was  driven  by  ste^*^  *-- ^noj 

which  it  derived  a  uniform  motion  and  a  definiu.  j^ 


I  refer  to  my  experiments  with  this  particular  apparatus 
because,  although  simple  in  themselves,  they  were  the  means  of 
giving  my  mind  a  new  impulse  in  another  direction^  and  one 
which  soon  conducted  me  to  the  solution  of  the  problem  in- 
volved iii  the  transmission  of  articulate  wortlsb  I  employed,  in 
connection  ^vitli  this  transmitter,  one  of  my  common  receivers 
which  was  adajfted  to  the  reception  of  all  varieties  oi  sounds. 
The  pressure  of  the  levers  upon  their  contact-points  was  con- 
trolled by  elastic  springs. 

Wlien  tins  appamtus  was  put  in  operation  I  noticed  that  a 
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mind  of  peculiar  qiialit>',  not  unlike  that  of  the  human  voice 
when  in  great  distress,  jvroceeded  from  tlie  receiver. 

By  altering  the  tension  of  tlie  spring  in  various  ways  witli  my 
hand,  I  found  that  I  was  alile  to  iinitate  many  different  soun<1i?, 
involving  the  vowels  only.  I  succeeded^  among  other  things,  iu 
producing  a  groan,  with  all  its  inflections  in  the  greatest  i>erf action. 
By  skilfully  manipulating  the  spring  in  the  manner  before  men- 
tioned, a  very  great'  range  in  the  qviahty  of  the  sounds  was  pro- 
iduced,  using  only  a  single  break-poiriL 


Fig.  ^6, 

Up  to  the  time  of  making  this  experiment  I  had  associated  in 
fiy  mind,  in  connection  with  transmission  of  spoken  words,  a 
Dmplicuted  mechanism  involving  a  separate  vibrating  reed  for 
separate  tone  transmitted     This  experiment  produced  an 
Kre  change  in  my  views,  and  I  eanic  to  the  conclusion  that  it 
:iuld  all  l>e  done  by  means  oi  a  single  tninsmitter;  although,  at 
at  time,  I  did  not  carry  my  experiments  farther  in  that  direc- 
tion, l>eing  t4x>  much  absorbed  in  my  multiple  telegraph  scheme. 
Daring  the  hitter  pMi*t  of  the  spring  and  eai'ly  purt  of  the  sum- 
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mer  of  1875,  I  wa^  engageil  in  c<:nistruetitig  luvl  adapting  mj 
system  to  a  tyi>e-printing  telegraph,  an  idea  which  I  ha*!  coul 
ceived  early  in  1874.  I  had  it  reduced  to  practice  far.  enough  tol 
demonstrate  tlie  appliealdlity  of  the  principles  involved.  In 
January  or  February,  1875,  I  consiructed  an  operative  machiiiey_^_ 
at  that  time  having  three  letters  of  the  alphabet,  together  with  thd^| 
mechanism  for  controlling  the  printing  and  moving  tlie  paper,  ^ 
An  outline  view  of  this  maehioe  is  shown  in  figs,  96  and  97. 

The  model  of  this  machine  was  completed  and  forwarded  to 
the  Patent  Office  in  October,  1875.     The  patximt  on  it  was  issui 


July  4th,  1876,  to  which  I  refer  for  a  complete  description.  The 
general  principle  of  operation  may  be  briefly  stated  as  follows : 
A  particular  tone  actuates  eatih  particular  type,  so  that  there  is 
a  tmnsmitting  vibrator  and  corresponding  receiver  for  each  tona 
A  simple  touch  oF  a  key  print^^  the  letter  at  the  reeeiving  en<^^ 
without  tlie  necessity  of  waiting  for  a  tj^je-wheel  to  come  intO^| 
jiosition.  The  printing  is  executed  upon  a  sheet  instead  of  a 
long  strip  or  ribl^^n,  as  in  the  ordinary  step-by -step  machina  I| 
will  not  be  necessary  to  describe  the  mechanism  in  detail  in  thifl 
place,  as  it  is  fully  set  forth  in  the  specification  of  the  patent  itselfl 
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During  a  visit  to  Milwaukee  I  saw  for  the  first  time  a  toy 
Gtlled  the  lovers'  telegmi>h,  consisting  of  a  membrane  stretched 
:>ver  the  end  of  a  tube,  ami  having  a  thread  atta*?hed  to  the  centre, 
the  other  end  of  which  was  attached  to  n  similar  membrane. 

The  fact  that  spoken  woixla  were  distinctly  trausmitteil  by  the 

I  longitudinal  vibrations^  of  the  thnnad  frt>m  one  membrane  to  the 

other,  confirmed  the  idea  that  I  had  formed  s<:)mething  like  a  year 

pluvious  to  this  time ;  and  it  immediately  solved  in  my  mind  the 

i problem  of  making  a  transmitter  that  would  copy  clecti^cally  the 

phyaiciil  vibmlions  of  the  air  pixxlnced  by  articulate  sounds,     I 

:iied  to  put  tliis  into  practical  shape  and  file  it  in  the 

of  the  Patent  Oflice.     I  roali^^  that  this  would  be  a 

Lmatler  of  tlie  highest  importance  in  a  scientific  point  of  view;  but 

[t  had  no  adequate  conception  of  it^s  vahie  in  a  commercial  sensa 

A»  early  m  Unvvh,  1874,  Dr.  Samuel  S.  Wliitc,  of  PhUa- 

[ilelpbia,  liad  purcha^sed  an  interest  in  all  of  my  telejihonic  inven- 

it  I  had  made  or  might  thereafter  make ;  and,  as  he  litid 

. ,  advanced  considerable  money  hi  aid  of  their  development, 

felt  it  incumbent  ujx)n  me  to  give  as  much  of  my  time  as  pos* 

ble  to  what  secme*!  Uy  be  tlie  most  practtical  and  useful  feature, 

id  tlio  one  promising  the  mt>st  immediate  returns — that  of  mul* 

Hiple  lelegmpby.   I  Uierefore  concKided  to  secure  the  articulating 

eaturo,  and  take  it  up  and  develop  it  more  completely  at  another 

Abont  the  loth  of  January,  1876,   I  went  to  Washington, 

lime  in  assistii  i:  my  attorney  in  the  prepara* 
I  u  iiuiuui  I  1  -I  rases  whicli  had  Ihvu  accumulating  for  several 
lonths.  This  required  several  weeks  of  time.  While  there 
I  put  my  speaking  telephone  transmitter  into  the  form  of  draw- 
igs  and  specilications,  and,  as  my  model  was  not  yet  ready,  I 
Jetermined  to  file  the  specification  as  a  caveat  Following  out  the 
Liggestion  made  by  the  diaphragm  and  string  of  the  lovers' 
elegraph,  I  designed  a  transmitting  a]>paratus  which  copied 
be  motions  of  the  diai>hragm  ele^triimlly^  tIn*ough  the  longi- 
ludinal  vibrations  of  a  light  rc»d  attached  to  the  centre  of  the 
aphragm.     These  electi*ical  vibrations  or  undulations  were  the 
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result  of  the  variations  in  the  resistance  of  the  cinctiit  made  by 
the  longitudinal  motions  of  the  rod,  moving  in  a  yielding  mi 
stance  offering  a  considerable  resistance  to  the  passage  of 
electric  current     The  following  ia  a  verbatim  copy  of  the  8pe 
fication,  filed  in  the  ITnited  States  Patent  Office,  February 
1876: 

ORAY*3  SPECIFICATION,   FILED   FEBRUARY   14,  1876- 

To  all  whom  it  may  concern  i  Be  it  known  that  I^  Elisl 
Gray,  of  Chicago,  in  the  County  of  Cook,  and  State  of  niiuoLd, 
have  invented  a  new  art  of  transmitting  vocal  sounds  telegraphi^H 
cally,  of  which  the  following  is  a  specidcation :  ^| 

It  is  the  object  of  my  invention  to  transmit  tlie  tones  of  the 
himian  voice  through  a  telegraphic  circuit,  and  reprochic^  them 
at  the  receiving  end  of  the  line,  so  that  actual  conversations  c^^ 
be  carried  on  by  |iersons  at  long  distimces  apart. 

1  have  invented  and  patented  methods  of  transmitting  music 
impressions  or  sounds  telegrapliically,  and  my  j^resent  inventic 
is  based  upon  a  modification  of  the  principle  of  said  iDventic 
which  js  set  forth  and  described  in  letters  patent  of  the  Unit*^ 
Stxites,  gmnted  to  me  July  27th,  1875,  respectively  numl)er 
166,095    and  166,096,  and  also  in  au  application  for  lett 
patent  of  the  United  States,  filed  liy  me,  February  28,  1875, 

To  attain  the  objects  of  my  invention,  I  devised  an  instrume 
capable  of  \'ibrating  respoosively  to  all  the  tones  of  the  humji 
voice,  and  by  which  they  are  rendered  audible. 

In  the  accompanying  drawings  I  have  shown  an  appai"atT3 
embodying  my  improvements  in  the  best  way  now  known 
me,   but  X  contemplate  various  other  applicatioDS|  and  al 
changes  in  the  details  of  construction  of  the  apparatus,  st^rae 
which  would  obviously  suggest  themselves  U>  a  skilful  elect 
cian,  or  a  person  versed  in  the  science  of  acoustics,  on  seeii 
this  application. 

Fig.  1  reiirescnts  a  vertical  central  section  through  the  tran 
mitting  instrument ; 

Fig.  2,  a  similar  sectinn  through  the  receiver;  and 

Fig.  3,  a  diagram  representing  the  whole  appamtus. 
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My  present  belief  is  that  the  most  eJBFective  method  o£  pro- 
vidiug  an  apparatus  capable  of  responding  to  the  various  tones 
of  the  human  voice,  is  a  tympanunu  drum  or  diaphragm, 
stretched  across  one  end  of  the  chamber,  carrying  an  apparatus 
for  producing  fluctuations  in  the  potential  of  the  electric  current, 
and  consequently  van"ing  in  its  power. 

In  the  drawings,  the  ])erson  transmitting  sounds  is  shown  as 
talking  into  a  box,  or  chamber,  A.  across  the  outer  end  of  whidi 
is  stretched  a  diaphragm  a,  of  some  thin  substance,  such  as 
parchment  or  gold-beaters'  skin,  capable  of  responding  to  all  the 
vibrations  of  the  human  voice,  whether  simple  or  complex. 
Attache<l  to  this  diaphnigm  is  a  light  metal  rod,  A',  or  other 
suitable  conductor  of  electricity,  which  extends  into  a  vessel  B, 
made  of  glass  or  other  insulating  material,  ha\nng  its  lower  end 
closed  by  a  plug,  which  may  be  of  metal,  or  through  which 
passes  a  conductor  i,  forming  part  of  the  circuit 

This  vessel  is  filled  with  some  liquid  iK>ssessing  high  resist- 
ance, such,  for  instance,  as  water,  so  that  the  vibrations  of  the 
])lunger  or  ro«l  A',  which  does  not  quite  touch  the  conductor  4. 
will  cause  variations  in  resistance,  and,  consequently,  in  the 
potential  of  the  cun-ent  passing  through  the  rod  A'. 

Owing  to  this  construction,  the  resistance  varies  constantly  in 
response  to  the  vibrations  of  the  diaphragm,  which,  although 
irregular,  not  only  in  their  amplitude,  but  in  rapidity,  are  never- 
theless transmitted,  and  can,  consequently,  be  transmitted  through 
A  single  rod,  which  could  not  be  done  with  a  positive  make  and 
break  of  the  circuit  employed,  or  where  contact  points  are  used. 

I  contemplate,  however,  the  use  of  a  series  of  diaphragms  in  a 
<;ommon  vocalizing  chamber,  each  diaphragm  carrying  an  inde- 
jwndent  rod,  and  responding  to  a  vibration  of  different  rapidity 
^nd  intensity,  in  which  case  contact  points  mounted  on  other 
diaphragms  may  be  employed. 

The  vibrations  thus  imparted  are  transmitted  through  an  elec- 
tric circuit  to  the  receiving  station,  in  which  circuit  is  induded 
nn  electro-magnet  of  ordinary  construction,  acting  upoa  mdmp 
phragm  to  which  is  attached  a  piece  of  soft  iroDi  aod-i* 
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diaphragm  is  stretched  across  a  reoei%'mg  vocalizing  chamber  <?, 
somewhat  similar  to  the  correspoiKliiig  v<x*aiiziug  chamber  A. 
The  diaphragm  at  the  receiving  end  of  the  line  is  thus  thrown 

tato  vibratioDS  coiTesfHimdiiig  with  those  at  the  transmitting  end, 
Tid  audible  sounds  or  words  are  pro^:llleetl 
The  obvious  practical  application  of  my  improvement  will  l>e 
J  enable  pei'sons  at  a  distance  to  converse  with  ef^icli  other 
lirough  a  telegraphic  circuit,  just  as  they  now  do  in  each  others 
presence,  or  through  a  speaking  tube, 

I  claim  as  my  invention  the  art  of  transmitting  vocal  sounds 
or  conversations  telegraphically  through  an  electric  ciRniit 

I  Although  it  is  not  my  intention,  as  I  said  in  the  lieginning,  to 
jraise  the  question  of  priority  of  invention  as  between  myself  and 
JDther  parties,  I  will  nevertheless  state  in  this  connection,  that  so  far 
as  I  am  aware,  this  is  tlie  lirst  description  on  recoRl,  of  an  nrtieu- 
lating  telephone  which  transmits  the  spoken  words  of  the  human 
Iteroice  telegi-aphically  by  means  of  electricity. 

■  bell's  specification,  filed  FEBRrAHT  14, 1876. 

In  order  that  the  ehiims  of  Professor  A.  G,  Bell  to  the  invert- 

,tion  of  the  speaking  telephone  may  be  contrasted  with  those  of 

r.  Elisha  Gray,  we  i^produee  the  speeitleations  and  dmwings  of 

e  former  as  they  were  filed  in  the  United  States  Patent  OflSce^ 

n  tlie  14th  February,  1876,  the  same  day,  it  will  be  obseiTcd^ 

'on  which  Mr.  Gray  filed  his  caveat 

To  all  whom  it  may  c»oncern :     Be  it  known  that  I,  Alex- 

der  Graliam  Bell,  of  Salens  Maamchusetta,   have  invented 

ertain  new  and  useful  improvements  in  telegraphy,  of  which  the 

blluwing  is  a  specification  : 

In  letters  patent  granted  to  rne  April  6,  1875,  No.  161,739,  I 

ave  deseribe<l  a  method  of,  and  appanitus  for,  tmnsmitting  two 

)T  more  telegraphic  signals  simaltaueoujsly  along  a  single  wii^ 

y  the  employment  of  ti^imsmitting  instniments,  each  of  which 

icasions  a  succession  of  electrical  impulses  difl!ering  in  rate  from 

e  others ;  and  of  receiving  instruments,  each  tuned  to  a  pitch 
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at  which  it  will  be  put  in  vibration  to  produce  ita  fuBdameDtai 
note  by  one  only  of  the  transmitting  instrumente ;  and  of  nbm* 
iOTY  circuit-bn'ukei-s  operating  to  convert  the  vibnitory  luon* 
ineotof  the  re<ieiviiig  instrument  into  a  pennanent  make  orbrcnk 
(as  the  case  may  be)  of  a  local  circuit,  in  which  is  placcil  a  Mon»e 
sounder,  register,  or  other  telegraphic  apparatus.  I  h: ' 
thei-ein  described  a  form  of  autogru|>h  telegraph  based  i; 
action  of  the  above  mentioned  instnimenta. 

In  illnstrtition  of  my  metbrnl  of  mnltiple  t.  ' 
shown  in  the  jmlent  aforesaid^  as  one  fonu  of  tm  ■ 
nient,  an  electro-magnet  having  a  steel  spring  ai*niature,  which  is 
Tcept  in  vibration  Jjy  the  action  of  a  local  buttery.  This  an&a*i 
tore  in  vibniting  makes  and  breaks  the  main  cirtruit^  prtidn 
an  intermittent  current  upon  the  line  wire.  I  have  fouiu],  h<iW' 
ever,  that  \ii>on  this  plan  the  limit  to  the  nuij^lK*rof  f^ignaU  flat 
can  be  sent  simultaneously  over  the  .same  wire  is  very  speodUj 
reached ;  for,  when  a  ntunber  of  transmitting  instrumcntis*  having 
<liiIeiH:*nt  rates  of  vibration,  ai*e  simultaneotLsly  nr 
ing  the  same  circuit,  the  effect  upon  the  main  : 
equivalent  to  one  continuous  current 

In  a  ju.nnliiig  application  for  letters  patent,  filed  m  the  UaJl< 
States  Patent  OfBee  February  25, 1875, 1  have  described  t^  ^  *-  • 
of  producing  the  intermittent  current^the  one  by  actual  t 
break  of  contact^  the  other  by  alternately  increasing  and  ' 
ing  the  intensity  of  the  current  without  actually  break  m.j^  l 
circuit  The  cun-ent  produced  by  the  Intter  method  I  shnW  ter 
for  distinction  sake,  a  pulsatory  current 

My  present  invention  consists  in  the  em]-'  "^^  ^ 
tory  or  undulatory  current  of  electricity*  in 
merely  intermittent  or  pulsatory  curreuti  and  of  a  method  of,  sod 
iji       -      '  '  ^ectricaln    'V'  '  ''     ' 

I  an  unu 
rent  will  be  understood  bycansidoring  tliat  electrical  i 
are  c         ^  -  ^  ^  ^1 

that 

tensiTy  exactly  analagoas  to  the  changes 
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oo^ai^ioned  by  aim  pie  pendulous  vibratious.  The  electrical  mover 
ment,  like  the  aerial  motion^  can  be  represented  by  a  sinusoidal 
curve  or  by  the  resultant  of  several  siini^oidal  cui-ves. 

Intermittent  or  pulsatory  and  undulatory  currents  may  be  of 
two  kinds,  accordingly  aa  the  successive  impulses  have  all  the 
le  polarity  or  are  alternately  positive  an<l  negative, 
le  advantages  I  claim  to  derive  from  the  use  of  an  undulatory 
ctirrent  in  place  of  a  merely  intermittent  one  arc,  first,  that  a 
very  much  larger  number  of  gignala  can  be  transmitted  simul- 
taneously on  the  same  circuit ;  second,  that  a  closed  circuit  and 
single  main  battery  may  l>e  used;  third,  that  communicatioD  iu 
both  directions  is  estal>lished  without  the  necessity  of  special 
induction  coils;  fourth,  that  cable  dispatches  maybe  tmnsmitted 
more  rapidly  than  by  means  of  an  intermittent  current  or  by  the 
methrMls  at  present  in  use  ;  for,  as  it  is  unneccs.'^a^y  U^  discharge 
the  cable  Ix'foi'e  a  new  signal  can  be  made,  the  lagging  of  cable 
ftignab  is  prevented ;  fifth,  and  that  as  the  circuit  is  never  broken, 
a  qmrk-aiTPster  becomes  unnecessary* 

It  has  long  been  known  that  when  a  permanent  magnet  is 
caused  to  approach  the  pole  of  an  electro-magnet  a  cuiTcnt  of 
electricity  is  induced  in  the  coils  of  the  latter,  and  that  when  it 
is  made  to  recede  a  current  of  Dpj)osite  polarity  to  the  first  appears 
upon  the  wira  Wlien,  therefore^  a  permanent  magnet  is  causetl 
to  vibrate  in  f  a>nt  of  the  pole  of  an  electro-magiiet  an  undulatory 
current  of  electricity  is  induced  in  the  coils  of  the  electro-magnet, 
the  undulations  of  which  coiTCspond,  in  rapidity  of  succession, 
to  the  vibrations  of  the  magnet^  in  ]>olarity  to  the  direction  of 
its  motion,  and  in  intensity  to  the  amplitude  of  its  vibration. 

That  the  difference  l>etween  ati  undulatory  and  an  intermit- 
tent current  may  be  more  clearly  underst<:»od,  I  shall  describe  the 
condition  of  the  electrical  current  when  the  attemj>t  is  made  to 
transmit  two  musical  notes  simultaneously — fii"st  upon  the  one 
plan  and  then  upon  the  other.  Let  the  inter\'al  between  the 
two  sounds  be  a  major  third ;  then  their  rates  r*f  vibration  am  iu 
the  ratio  of  4  U:>  5,  Now,  when  tlie  intennitt-ent  current  is  used, 
the  circuit  is  made  and  broken  fum-  times  by  one  transmitting 
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instrument  iu  the  same  time  that  five  makea  and  breaks  are 
cfiiiscd  by  the  other,  A  and  B^  figs.  1,  2  and  3,  i*epi-e;><'nt  the 
intemiittent  currents  prtxluced,  four  impulsea  of  B  being  made 
in  the  same  time  as  five  imiuikes  of  A.  c  c  c,  etc,  show  where 
and  for  how  h-)iig  the  circuit  is  made,  and  d  d  d,  ete.,  indicate 
the  duration  of  the  l^reakd  of  the  circuit  The  lino  A  and  B 
shows  the  total  effect  upon  tlie  current  when  the  traiiBmitting 
instruments  for  A  and  B  are  caused  simultaneously  to  make 
and  break  the  same  circuit  The  resultant  effect  depends  very 
much  upon  the  duration  of  the  make  relatively  to  the  break.  Iu 
fig,  1  the  ratio  is  as  1  to  4 ;  in  fig.  2,  as  1  to  2  ;  and  in  fig.  S  the 
makes  and  breaks  are  of  equal  dumtion.  The  cuiuhined  eflfi?c^ 
A  and  B,  fig.  3,  is  very  nearly  equivalent  to  a  continuous  cur- 
rent 

When  many  transmitting  instruments  of  different  rates  of 
vibmtion  are  sinuiltiineously  making  and  breaking  the  same 
circuity  the  current  upon  the  main  lines  Ijecomes  for  all  practical 
pm'poses  contiouoas. 

Next,  consider  the  effect  when  an  undulatory  current  is  em- 
ployed. Electrical  undulations,  induced  by  the  vibration  of  a 
body  capable  of  inductive  action^  can  be  represented  graphically, 
without  error^  by  the  same  Hinus(:>idal  curve  which  expresses  tlie 
vibration  of  the  inducing  body_ itself,  and  the  effect  of  its  vibra- 
tion upon  the  air ;  for,  Jis  above  stilted,  the  rate  of  oscillation  in 
the  electrical  current  corresponds  to  the  rate  of  vibmtion  of  the 
inducing  body— that  is,  to  the  pitch  of  the  sound  proclueed 
The  intensity  of  the  current  varies  with  the  amplitude  of  the 
vibration — tliat  is,  with  the  loudness  of  die  sound;  and  the 
polarity  of  the  current  corresponds  to  the  direction  of  the  vibrat* 
ing  body — that  is,  t^^  the  condensations  and  rarefactions  of  air 
produced  by  the  vibration.  Hence,  the  sinusoidal  eurv^e  A  or 
B,  fig,  4,  represents,  graphici^tlly,  tlie  electrical  uidulations 
induced  in  a  circuit  by  the  vibration  of  a  body  Ciipable  of 
inductive  action. 

The  hc>rizontal  line  a  d  ef^  etc*,  represents  the  zero  of  current 
Tlie  elevation  h  bh^  etc.,  indicates  impulses  of  positive  electrieity. 
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lie  depiTCAsions  c  c  c,  ete.,  show  impulses  of  negative  electricity. 

The  vertical  distance  b  d  nr  e/of  any  jMjrtion  i>f  the  cnj*ve  from 

the  Kcro  line  exi)resse8  tJie  intensity  of  tbe  positive  or  negative 

I  impulse  at  the  part  obaervecl,  and  the  horizfmtal  digtanee  a  a 

indicates  the  dumtion  of  the  electrical  os^^illation.     Tbe  vibra- 

L  lions  represented  l)y  the  .sinusoidal  ciirv^e?*  B  and  A^  fig*4»  are  in 

[the  ratio  aforesaid,  of  4  \o  5 — that  is,  four  oscillations  of  B  are 

Iniade  in  the  same  time  as  five  oscill'iHons  of  A* 

The  combined  eJTect  of  A  atid  B,  when  induced  siinnltaueou^lj 

[rti  the  same  cinniit,  la  expressed  by  the  cuiTe  A-f-B,  flg.  4, 

rhicli  is  the  algebraical  sum  of  tlio  ginusoidal  curvea  A  and  B. 

fThis  curve  A-t-B  ii\m  in<licatea  the  actual  motion  of  the  air 

^when  the  two  nnisical  notes  considered   are  schiikIciI   simul* 

rtniieously*     Thus,  when  electrical  undulations  of  diffei-ent  rates 

[are  i«;imultan»>o\i«ly  induced  in  tlie  name  circuit,  an  elTeet  is  pro* 

[duced  analogouH  to  that  occasioned  in  the  air  by  the  vibration 

[rf  the  inducing  bodies.     Hcnce^  the  coexistence  upon  a  tele- 

'  '  :  cii>:uit  of  electrical  vibrations  of  different  pitch  is  maai- 

liot  by  the  obliteration  of  the  vibratory  character  of  the 

kexurent,  but  by  iHJCuliarities  in  the  i*liapes  of  the  electrical  undu- 

iationjv.  or,  in  other  W(»r(k,  1)y  ] peculiarities  in  the  shapes  of  the 

L*un*es  which  represent  tho.se  undulationsw 

Tliere  are  many  ways  of  pixxlucing  undulatory  currents  of 

pWtrii-ity,  dependent  for  effect  upon  the  vibrations  or  motions 

>f  bo^liefl  capable  of  inductive  action,     A  few  of  the  methods 

that  may  be  employed  I  ^liall  here  specify.     When  a  wii^ 

through  which  a  Cdutinuous  current  of  electricity  is  passing,  is 

atustnl  to  \-ibrate  in  the  neighl>orhooil  of  another  wire,  an  nndu- 

utory  current  of  electricity  is  inducted  in  the  latter.     When  a 

cylinder,  up4»n  which  are  arnmged  l>ar  mngnels,  is  made  to  rotate 

IId  Inmt  of  the  pole  of  an  electro-magnet,  an  undulatory  current 

>f  eJec^tricity  is  induci^l  in  the  coils  of  the  electm-magnet 

Undulations  are  caused  in  a  continuous  voltaic  current  by  the 
pibr  •'  '  -^r  motion  of  V>odies  capable  of  inductive  action;  or 
l>y  ;ition  of  the  conducting  wii-e  it.self  in  the  neighbor- 

[iiKHi  of  such  bcnlics.     Klectrical  undulations  may  also  be  caused 
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by  alternately  increasing  and  diminisluiig  the  resiataiioo  o£  ibf 
circuit,  or  l»y  alternately  increasing  and  tVuni  i  :  '  " 
the  battery*  Tht5  internal  rei^isitajife  of  a  I 
by  bringing  tl  10  voltaic  dementi;  nearer  together,  and  incrDa2aed 
by  placing  them  farther  apart  The  iveipnjciil  vibmtiou  of  tli** 
elements  c»f  a  l>attery,  therefore,  oeeasions  an  undulat^ry  mikm 
in  the  voltaio  cuiTent  The  external  re&istanee  may  Sklso  ha 
varied.  For  instance,  let  mercury  or  some  other  liquid  fonxi 
part  of  a  voltaic  circuit,  then  the  more  deeply  the  conducting 
wire  is  immersed  in  the  mercury  or  other  liquid,  the  \om  resut- 
auce  does  the  lic|uid  oiler  t^  the  [uLssiige  of  thecnrrmiL  Ilcnce, 
the  vibration  of  the  conducting  wire  in  mercury  or  other  lit^uid 
included  in  the  circuit  occai^ions  unduLitioni*  in  the  cuiTent  The 
vertical  vibnition^  of  the  elements  of  a  battery  in  tho  liquid  in 
which  they  are  immersed  produces  an  nndulatory  action  in  tbe 
current  by  alternately  increasing  and  diminij>hing  the  power  uf 
the  battery. 

In  iUustration  of  the  method  of  creating  electrical  undT'^-!" 
I  shall  show  and  describe  one  form  of  apparatus  for  pi 
the  effect     I  j>refer  to  employ  for  this  purpose  an  eluctn>*mAgTH*( 
A,  fig.  5,  having  a  coil  up^m  only  one  of  it«  legsA-  A        *     ritig 
armature  c  is  tirmly  clamped  by  one  extremity  to  th-  tired 

leg  d  of  the  miignet  a^J  its  free  end  is  allowed  to  project  above 
the  pole  of  the  covered  leg.      The  annaturc  c  ch 
vibration  in  a  variety  of  wava,  one  of  which  is  by  ^^ 
vibrating^  it  pixxluces  a  musical  note  of  a  certain  definite  pitek 

When  the  instrument  A  is  placed  in  a  voltaic  cii*cuit,  ^ 

the  armature  c  becomes  magnetic,  and  tho  polarity  of  its  i. . 

ia  oppotseti  to  that  of  the  magnet  underneath.    So  long  as  tivo  ir- 

mature  c  remains  at  nj^t  no  effect  is  pnxl need  ^\• 

current^  but  tlie  moment  it  i^  wet  in  vibration  t^*  ^ . , 

gical  note  a  p<>werful  inductive  action  takes  place,  and  •- 

nndulationjt  tmverso  the  circmt  g  b  c/g.     The  *. 

passing  through  the  coil  of  the  ^  t.,v>*.v.  rfi..-r,u.t  , 

in  jtii  annature  A,  when  thtsamii 

A  I  arc  normally  in  nniaon  with  uue  an^ 
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is  tinaffected  by  the  passage  of  the  undulatory  current  when  the 
pik'hca  of  the  two  iri^^tniments  are  (liiTei-ei)t 

A  immbvr  of  insti-omeiits  may  be  placed  upou  a  tel^raphic 
circuit,  as  in  fig.  d  When  the  armature  of  any  one  of  the  in- 
struments is  set  in  \nbratiun,  all  the  other  instruments  upon  the 
circuit  which  are  in  unison  witli  it  itjspond,  but  those  which 
have  n<jrma1ly  a  different  rate  of  vibmtion  remain  silent  Thus, 
if  A,  fig.  6,  is  set  in  vibration,  the  armaturen  of  A*  and  A'  will 
vibrate  also,  but  all  the  others  on  the  circuit  will  remain  stilL  So  if 
B*  iscauiMiHj  to  emit  its  inu.^ieal  note^  the  instruments  B  B^  re- 
spond. They  continue  sounding  f^o  long  as  the  nie(?hanical  vibm- 
tion of  B^  is  continued,  l»ut  be<'orne  silent  with  the  ct*Svsation  of 
its  motion.  Tlie  duration  of  the  sound  may  Ym  used  to  indicate 
the  dot  or  dash  of  tlic  Morse  alpliatet,  and  thus  a  telegraphic 
dispatch  may  be  indicated  by  alternately  interrupting  and  renew- 
ing the  sound.  When  two  or  more  instruments  of  different 
pitch  are  simultaneously  caused  to  vibi-ate,  all  the  instruments  of 
cot  ling  pitches  u}x>n  the  cinniit  are  set  in  vibration,  each 

re-,  _;   to  that  one  only  of  tlio  transmitting  instruments 

with  which  it  is  in  unison.  Thus  the  signals  of  A,  fig.  6,  are  re* 
peftle<i  by  A^  and  A^,  but  by  no  other  instruments  npon  the 
circuit;  the  signals  of  B'  by  B  and  B^  ;  and  the  signals  of  C^ 
by  C  and  C — whether  A,  B'  and  C^  are  suooessively  or  simul- 
Uv  *  -ausf^d  to  vibntte.  TIence  by  tht^se  ini^truments  two 
or:.  "legraphic  signals  or  messages  may  l>e  sent  simulta- 

neottsly  over  the  same  circuit  without  interfering  with  one 
another. 

I  desire  hero  to  remark  that  there  are  many  other  uses  to  which 
die^e  instrmnents  may  be  put,  such  as  the  sinndtaneous  trans- 
m!.*sion  of  music^d  notes,  dilTering  in  loudness  as  well  as  in  pitch, 
an«l  the  telegraphic  tnmsmission  of  noises  or  si>unds  of  any  kind, 

Wh»*n  the  annatiiro  e,  fig,  5,  is  set  in  vibration,  the  armature  A 
n^  i'»t  only  in  pitch,  but  in  loudness*      Thus,  when  c 

I  i ;  *  1 1 . .  "  •  • ' :  1 1  i  t u  d  e,  a  very  ^i  »f  t  m u  nical  t»  ote  proeee<ls 
rates  foreildy  the  amjOiturle  of  the  vibra- 
|J  iimiderablj  increase<l,  and  the  resulting  sound 
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becomes  louder.  So,  if  A  and  B,  fig.  6,  arc  sounded  simul- 
taneously (A  loudly  and  B  softly),  the  instruments  A^  and  A* 
i-opeat  loudly  the  signals  of  A,  and  B^  B«  repeat  softly  those 
of  B.  " 

One  of  the  ways  in  which  the  amiature  c,  fig.  5,  may  be  set  in 
vibration  has  been  stated  before  to  be  by  wind.  Another  mode 
is  shown  in  fig.  7,  whereby  motion  can  ]>e  imparted  to  the  arma- 
ture by  the  human  voice  or  by  mea!ns  of  a  musical  instrument 

The  armature  c,  fig.  7,  is  fastened  loosely  by  one  extremity  to 
the  uncovered  leg  d  of  the  electro-magnet  by  and  its  other 
extremity  is  attached  to  the  centre  of  a  stretched  membrane,  a. 
A  cone,  A,  is  used  to  converge  sound-vibrations  upon  the  mem- 
brane. When  a  sound  is  uttei-ed  in  the  cone  the  membrane  a  is 
set  in  vibration,  the  armature  c  is  forced  to  partake  of  the  motion, 
and  thus  electrical  undulations  are  created  upon  the  circuit 
E  b  e/g.  These  undulations  are  similar  in  form  to  the  air 
vibrations  caused  by  the  sound — that  is,  they  are  represented 
graphically  by  similar  cur\'e5.  The  undulatory  current  passing 
through  the  electro-magnet/  influences  its  amiature  h  to  copy 
the  motion  of  the  armature  c.  A  similar  sound  to  that  uttered 
into  A  is  then  heard  to  proceed  from  I. 

In  this  specification  the  tlin»e  words,  "oscillation,''  "vibra- 
tion," and  *' undulation,"  are  use<l  synonymously,  and  in  con- 
tradistinction hy  the  terms  ''intermittent''  and  *' pulsatory.'*  By 
the  term  "  l.>ody  capable  of  inductive  action,"  I  mean  a  body 
which,  when  in  motion,  produces  dynamical  electricity.  I 
indude  in  the  category  of  bodies  capable  of  inductive  action 
brass,  coppi^r,  and  other  metals,  as  W(^ll  as  iron  and  steel. 

Having  described  my  invention,  what  I  claim,  and  desire  to 
secure  by  l«'tt(»rs  patent,  is  as  follows: 

1.  A  system  of  tel(»graphy  in  which  the  receiver  is  set  in 
vil  >ration  by  the  (*m]  )loy ment  <  )f  undulatory  currents  of  electricity, 
substantially  as  set  forth. 

2.  The  combination,  substantially  as  set  forth,  of  a  permanent 
m:ig]iet  or  other  Ixjdy  capable  of  inductive  action,  widi  a  dosed 
circuit,  so  that  the  vibration  of  tlie  one  shall  oocaaion  ( 
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wltilations  in  the  other,  or  in  itself,  and  this  I  claim,  whether  the 

ermanent  magnet  be  set  in  yibnition  in  the  neighborhood  of  the 

Dnducting  wire  fonning  the  circuit,  or  whether  the  conducting 

be  set  in  vibration  in  the  neighborhood  of  the  permanent 

aagnet,  or  whether  the  conducting  wire  and  the  permanent  miig- 

Fuet  both  simultaneously  be  set  in  vibration  in  eaeh  other's  neigh- 

borhoo(^L 

S,  The  method  of  prodiifmg  undulations  in  a  continuoua 
voltaic  current  bj  the  vibmtion  or  motion  of  bodies  capable  of 
inductive  action,  or  by  the  ^^bration  or  motion  of  the  conducting 
wire  itself,  in  the  neighljorhood  o£  such  bodies,  as  set  fortk 

4,  The  method  of  producing  undulations  in  a    continuous 
roltaic  circuit  by  gradually  increasing  and  diminishing  the  re- 
sistance of  the  circuity  or  by  gradually  increasing  and  diminishing 
tie  power  of  the  battery,  as  set  fortk 


Fig,  lOL 


5.  The  method  of,  and  apparatus  for,  transmitting  vocal  or 
(>ther  sounds  telegraphically,  as  herein  described,  by  causing 
lectrical  luidulations,  similar  in  form  to  the  vibrations  of  the 
ir  accompanying  tlie  said  vocal  or  other  sounds,  substantially  as 
et  forth. 

We  have  giveji  in  Chapter  II.  a  verbatim  copy  of  a  lecture 
lehvered  by  Professor  Bell,  before  the  Society  of  Telegraphie 
Engineers,  in  London,  October  31,  1S77.  On  page  71  the  pre- 
^^ding  cut,  fig,  101,  is  showii^  which  is  the  only  insti-ument 
in  the  patent  of  March  7,  1876  (filed  Febmary  14,  1876)  for 
which  any  pretence  can  be  set  up  that  it  is  a  talking  telephone. 
Speaking  of  this  instrument,  Professor  Bell  says,  that  Mn  Wat- 
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son,  "wliile  tiying  it  witli  liiin,  declared  that  *'iie  Leant  a  faint 

sound*'  irom  it,  but  Professor  Bell  could  not  verify  his  asi^ertion. 

^S"ow,  tlie  **fiiiiit  sound  '*  heard  )\y  Mr.  Wats^m  Ciinnol  be  elaiined 

l)e  articulate  speech^  and  the  person  who  fii^t  obtainetl  articu- 

ite  utterance  from  the  telephdue  is  the  discoverer.     Mr,  Gmy's 

iveat  of  the  same  date  slu>ws  rueans  of  prcHlneing  articulate 

telephonioally  (fig.  102).  and  states  that  "  it  will  enable 

ersons  at  a  distance  to  eon  verse  witlx  each  otht*r  through  a  ti«?le- 

Fgnipbic  circuit,  just  as  the)'  now  do  in  each  other's  presence,  or 

through  a  speaking  tube/' 

Referring  to  Prof,  Bell's  description,  on  page  71,  of  the  instru* 
ment  with  which  he  first  obtained  au<lihle  effects  (fig.  50),  it 
will  be  Been  that  it  is  precisely  the  Bame  in  principle,  and  ahnost 
identical  in  construction,  Avith  the  receiving  instrument  shown 
.and  described  in  Mr.  Gray  s  caveat  of  Febniary  14,  1876.  Prol 
eUf  it  is  claimed,  obtained  his  first  audible  sounds  of  articulate 
ech  in  the  sjiritig  of  1876,  Here,  then,  are  two  imp^itant 
acts  beanng  on  the  question  of  priority  in  the  invention  of  the 
caking  tcleplione.  Mr.  Gray  described  and  illustrated  his 
[iking  telephone  in  tlie  winter  of  1876.  In  the  following 
pring  Prof.  Bell  obtained  his  first  audible  effects  in  the  i-epro- 
iuction  of  articulate  speech  at  a  distimce  by  electro-magnetism^ 
ad  employed  for  this  piu-pose  an  apparatus  similar  to  that 
^which  was  illustmtcd  and  described  in  Mr.  Gray's  caveat,  filed 
in  the  TTiiited  States  Patent  Office  the  preceding  February. 
Whether  or  not  Prol  Bell  invented  the  apparatus  independently 
of  Mr.  Gray,  we  have  no  means  of  judging;  but  that  he  was  not 
the  first  inventor,  we  think  the  facts  conclusively  show.  Had 
he  been  the  first  to  invent  it,  is  there  any  reason  why  he  should 
J  descrilied  it  in  his  apjilication,  filed  simultauijously  with 
[r.  Gray,  on  the  14tiL  of  February,  1876? 
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The  following  cornniuiiication  from  Mr.  Thomas  A.  Edison 
gives  a  detiiile*!  ueeoinit  of  liii*  researches  in  telephuuyj  and  h  a 
vahiiible  contribution  to  the  histoiy  of  the  development  of  the 
speaking  telephone. 

Some  time  in  or  about  the  month  of  July,  1876,  I  liegan* 
experimenting  with  a  system  of  multiple  telegraphy,  TJirhich  had 
for  its  basis  the  transmission  of  acoustic  vibrations.  Being  fur- 
nished, at  the  Siune  time,  by  Hon.  William  Orton,  President  of 
the  Western  Union  Telegraph  Company,  with  a  translated 
description  from  a  foreign  scientific  journal  of  Reiss'g*  telephone, 
I  also  lx*gan  a  series  of  experiments,  with  the  view  of  producing 
an  articulating  telephone,  carrying  on  both  series  simultaneously, 
Ijy  tlie  aid  of  my  two  assistants,  Messrs,  Batehelor  and  Adams. 

With  regard  to  the  multiple  telegraph  I  will  say  that  many 
metlu)ds  weiX3  devised,  among  which  may  be  mentioned  the 
transfer  system*  This  consisted  in  combining  a  large  tuning 
fork  with  multiple  forks,  so  aiTanged  at  two  terminal  stations, 
with  contact  springs  leading  to  different  Morse  instnimentSj  that 
the  synchronous  vibrations  of  the  forks  would  change  the  maiii 
line  wires  from  one  set  of  instruments  to  other  sets  at  both  st;i- 
tions,  at  a  rate  of  120  tinier  per  second.  With  this  rate  of  vibra- 
tion the  wire  would  be  simultaneously  disconnected  at  both  ter- 
minal stations  from  one  set  of  Morse  signalling  a]>paratus,  and 
momentai'ily  placed  in  alternate  connection  with  three  other 
similar  sets  of  apparatus,  and  tlien  again  returned  to  the  first  set^ 
without  causing  the  apparatus  to  mark  the  absence  of  the  ctirrent 
otherwise  than  by  a  iierceptible  weakening  of  the  same, 

1  Zeitechrift  de&  Deataeh-OesterreicMBclien  Telegraphen-Vereina,  hernu^j^ygebva 
in  dcssen  Auftniifo  von  dcr  Kuiii^lieli  Pruussischeii  Telej^rrapheii-DirMction,  Ht«di- 
jlfirt  voD  Dr.  P.  WUlit<lm  Brix.  Vol.  jx.,  l^^ii,  page  J25.  (For  a  descriptioii  ofHeibs^ft 
iippamtua  flee  pages  9  to  13,  iucluBiveO 
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By  this  means,  therefore,  four  perfectly  independent  wires 
rere  practically  created,  ujH)n  which  signalling  could  be  carried 
with  any  S3'$t<?m  which  wa^  worketl  no  ftister  than  the  oi-di- 
iity  Morse  system.  Each  ol  the^e  wires  was  also  duplexed  and 
5tmd  to  work  pertiectly  npon  a  hne  of  artificial  resistance^  thus 
llowing,  with  the  ordinary  ai)paratiLSj  of  the  simultaneous  trans- 
[lissitm  of  eight  different  messages, 

Notwithiitanding  the  perfect  success  of  the  system  upon  an 
icial  line,  however,  which  ]>ossessed  little  or  no  electrostatic 
ftpocity,  I  have  never,  in  practice,  l>een  Me  to  jiraduee  a  suflB- 

atly  perfect  compensation  for  the  effects  of  the  static  charge 


Fig,  103. 

to  allow  of  the  successful  use  of  the  system  on  a  line  of  over 
forty  miles  in  length,  althou^i-h  I  luive  put  the  line  to  earth  at 
both  stiitions  after  it  leaves  one  set  of  instiiiments  and  before  it 
is  placed  in  contact  with  another  sc*t ;  liave  st^nt  reversed  currents 
into  it)  and  have  also  used  magnetic  and  condenser  compensation 
in  \iirious  ways,  known  to  ex}x*rts  in  static  compensation,  but 
all  without  avail.  By  viVn-ating  the  line  wire  Viet  ween  two  sets 
of  apjiamtus,  however,  good  satisfaction  has  Ineen  obtained  on 
lines  of  about  200  miles  in  length. 

In  my  system  of  acuustic  transmisj^iou,  which  wtis  devised  in 
September,  1876,  and  is  shown  in  iig.  103,  two  tuning  forks^  A 
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and  B,  Yibrating  from  100  to  500  times  per  £«econd,  were  kept  \ii 
continuous  motion  by  a  ]oe4il  magnet  and  battery,  and  tlie  short 
circuiting  was  conti'olled  by  the  sig:nallirig  keys  K^  and  K,. 

As  will  be  seen  on  reference  to  the  tigiire,  this  system,  like 
that  shown  in  my  patent  of  1873,  is  dependent  njx>u  the  varv- 
ing  resistance  occasioned  by  employing  a  movable  electrode  in 
water,  and  wliich  thus  produces  corresponding  variations  of  the 
battery  current  in  the  hne. 

The  receivers  K^  and  Rj,  fig,  104,  were  formed  of  telescopic 
tulx^s  of  metalj  by  lengthening  or  shoiteiiing  of  which  the  eolurun 
of  air  in  either  could  be  adjusted  to  vibrate  in  unison  with  the 
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Fig,  104. 

proper  tone  of  the  fork,  whost^  signals  were  to  l>e  received  bj 
each  partiL'ular  instrument  An  iron  diaphragm  was  soldered 
to  one  end  of  these  tubes,  and  the  latter  placeil  in  such  a  manner 
as  to  bring  the  diaphragi7i  of  each  respectively  just  in  front  of  an 
eleetro-magnetj  which^  in  action,  would  cause  tliem  to  vibratt*. 
When  the  column  of  air  in  either  receiver  was-projierly  adjusted 
to  a  given  tone,  the  signals  due  to  stopping  and  etai-ting  the 
vibrations  by  the  distant  key  were  very  loud,  us  compared  to 
other  tones  not  in  harmony  with  the  column  of  air.  Flexible 
rubber  tubes,  with  car  pieces,  were  connected  to  the  receiver^  so 
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that,  in  using  the  instruments,  the  head  of  the  operator  was  not 

retjuired  to  be  held  in  au  unnatural  or  strained  pasition. 

This  system  worked  vt^ry  well;    but  one  defect  in  it  was 
apparent  from  the  first,  and  that  was  its  continual  tendency  to 
ve  the  opemtor  what  i.^  termed  the  back-stroke,  even  fmra  the 

lightest  cause,  such  as  the  opening  of  a  door  or  the  moving  of 
le  head,  and  also  occurred  on  the  slightest  inattention  whatever. 
With  a  Mor^e  sounder,  as  is  well  known,  every  dot  is  made 
pparent  to  the  ear  by  two  s^ounds^  the  fiist  l>eing  paxluced  when 
16  lever  strikes  the  anvil,  and  the  otlier  when  it  strikes  the 
pper  or  back  contact  A  dash,  like  tlie  dot,  is  also  composed 
f  two  sounds,  but  the  interval  of  time  between  the  production 
t  the  first,  the  downward  stroke  or  sound  and  the  upward  stroke, 
what  determines  its  ehameter.  It  fivquently  happens,  how- 
ver,  when  a  sounder  is  so  adjusted  that  the  sound  jinxluced  by 
he  down  sti-oke  is  of  the  same  volume  or  loudness  as  the  one 
iven  by  the  np  stroke,  that  the  order  of  rearling  becomes  i-e- 
ersed  on  the  slightest  disturbance  or  inattention  and  the  eai* 
istakes  the  up  sound  for  the  down  sound,  and  vice  versa.  The 
ignals  consequently  l>ecomc  unintelligible,  and  the  o|>erator  can 
nly  restore  the  pn  »]>er  order  by  closing  lK>th  ears  and  watching 
;he  motion  of  the  sounder  lever,  ov  by  deadening  the  back  sound 
>y  placing  the  finger  on  the  lever  until  the  ear  again  catches  a 
ord  or  two. 

Similarly  with  the  muJsical  signals,  the  dots  and  dashes  are 
nned  by  the  relative  short  or  long  dumtion  of  a  continuous 
ne,  but  in  this  case  the  pit'h  is  always  the  siune,  and  this  con- 
itutes  an  element  of  confusion  that  is  quite  ils  bad  as  the  back 
ke  of  the  sounder  above  refeiTed  to.  I  therefore  arrangetl 
y  keys  so  as  to  ti'ansmit  two  short  tones  close  together  t^j  form 
dot,  and  two  tones  separated  b}'  an  ifiter\'al  to  fonn  a  dash  ;  but 

there  was  still  so'  little  distinctive  difference  between  one  and  the 
her  that  I  was  lai  to  defer  fin^ther  experiment  with  the  appa- 
tus  for  a  time*     It  is  jirobable  that  some  means  will  be  found 

for  producing  a  gi*eater  degree  of  difference  between  the  two  ele- 
ents  of  the  signals,  such,  for  instance,  m  the  employment  of  two 
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forks  of  slightly  different  piteli,  which,  at  least,  pmmiaes  well 
When  this  m  done  the  syst^^m  will  he  of  mjine  viilue. 

It  will  be  Botieetl  tliat  the  i-eceiving  iristnirneiit  shown  in  iij 
104  contains  the  diaphragm  magnet  and  ehamVjer  of  the  magneto- 
w|3enking  telephone ;  and  I  raay  say  here  that  I  iH^lit've  1  wa8  the 
first  to  devise  apparataa  of  this  kindj  wliicli  1  intended  for  use  in 
connection  with  acoustic  telegT"a]:>h8.  I  can,  however,  lay  no  claim 
to  having  diiK*overed  that  eonvensation  conld  be  carried  on  be- 
tween one  i^eceiver  and  the  other  upon  the  magneto  principle  by 
causing  the  voice  to  vibmte  the  diaphragm. 

Another  system  of  multiple  transmission  consisted,  partly,  in 
the  use  of  reeds  for  receivers,  and  haslieen  exceedingly  well  de- 
veloped in  the  hands  of  Mr.  Elislia  Gray,  but  I  f«>rbear  explain- 
ing it  here,  owing  to  it«5  complexity  and  lack  of  practical  merit 

My  first  attempt  at  con  sti*ac ting  an  articulating  telephone  was 
made  with  tlie  Keiss  transmitter  and  one  of  my  resonant  receivers 
described  above,  and  my  experimentis  in  this  direction,  w*hicli 
continued  until  the  production  of  my  prf'T^ent  earlwm  teleplion^ 
cover  many  thousand  pages  of  manuscript*  I  shail,  however^ 
describe  hero  only  a  few  of  the  more  important  ones. 

In  one  of  the  fii'st  experiments  I  included  a  simplified  Reia 
transmitter,  having  a  platinum  screw  facing  the  <liaphragin,  in 
circuit  containing  twenty  cells  of  hntterv  and  the  resonant  re- 
ceiver, and  ilien  placed  a  dn>|)  of  water  1  between  the  points;  tht 
i-esults,  however,  when  the  apparatus  was  in  action,  were  nnsatis^l 
factory^ — rapid  decomposition  of  the  water  took  place  and  a  de- 
posit of  sediment  was  left  on  the  platinum,  I  afterwanls  used 
disks  attached  both  to  the  diaphmgm  and  to  the  s<u'ew,  with  sev- 
eral drops  of  water  placed  between  and  held  thei'e  by  capillaiy 
attraction,  l»ut  rapid  decomi>osition  of  the  water,  which  was  im- 
pure, continued,  and  the  wtirds  came  out  at  the  rej^-eiver  revy 
much  confused.  Various  acidulated  solutions  were  then  trietl, 
but  the  confused  sounds  and  decompositions  were  the  only 
results  obtained. 

With  distilled  water  I  coal<l  get  nothing,  probably  because,  at 
that  time,  I  used  very  thick  iron  diaphragms,  as  I  liave  since 


THE  CARBON  TELEPHONE. 


22S 


^rcq-aentlv obtameil  good  results;  or,  possibly,  it  was  li<?caiise  the 
ear  was  not  yet  ©(iucate<l  for  this  tlut>%  and  therefore  I  did  not 
know  what  to  look  for.  If  this  was  the  c^se,  it  furnishes  a  good 
iUustrntion  of  the  fact  oi:>served  by  Professor  MajcTi  that  we 
often  fail  to  distinguisli  weak  sounds  in  certain  cases  when  we 
do  not  know  what  to  exix^et 

Sponge,  paper  and  felting,  satiu-ated  with  various  solutions, 
were  also  used  l>etweon  the  disks^  and  knife  edges  were  substi- 
tuted for  tlie  latter  with  no  better  results.     Points  immersed  in 
^Ijrtic  cells  were  also  tried,  and  the  experiments  with  vari- 
'oas  solutions,  devices,  etir..  continued  until  February,  1876,  when 
I  abandoned  the  decomposable  fluids  and  endeavoreflt*?  vary  the 
^  resistance  of  the  circuit  proportionately  with  the  amplitude  of 
^  \Hibration  of  the  dia])}ii*agm  by  the  use  of  a  midtiplicity  of  plat- 
,  inum  jxtints,  springs  and  resistance  coils — all  of  which  were  de- 
I  edgned  to  be  controlled  by  the  movements  of  the  diaphragm,  but 
I  none  of  the  devices  were  successful 

In  the  spring  of  1876,  and  dui'ing  the  ensuing  summer,  I  en- 
[  deavored  to  utilize  the  great  resistance  of  thin  films  of  plumbago 
white  Arkansas  oil  stone,  on  ground  glass,  and  it  was  here 
.  I  first  succeeded  in  conveying  over  wires  many  articulated 
sentences.  Springs  attached  to  the  diaphmgm  and  numerous 
other  devices  were  made  to  cut  in  and  out  of  circuit  more  or  less 
of  the  plumbago  film,  but  the  disturbances  wliich  the  devices 
themselves  caused  in  the  true  vibrations  of  the  diaphmgm  pi-e* 
vented  the  realization  of  any  practical  results.  One  of  my  as- 
fflstants,  however,  continued  the  experiments  without  internip* 
tion  until  January,  1877,  when  I  applied  the  peculiar  property 
which  semi-conductors  have  of  vamng  their  resistance  with 
pressure,  a  fact  discovered  by  myself  in  1873,  while  constructing 
.some  rheostats  for  artificial  cables,  in  which  were  employed 
powdered  carbon,  plumbago  and  other  materials,  in  glass  tubes. 

For  the  purpose  of  making  thi>s  application,  I  constnicted  an 
appJtratus  pnivided  with  a  iliaphragm  carrying  at  its  centre  a 
yielding  spring,  which  was  faced  with  platinum,  and  in  front  of 
this  I  placed,  in  a  cup  secured  to  an  adjusting  screw,  sticks  of 
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crude  plumbago,  combined  in  various  proportions  with  dry  po^ 
ders,  resins,  etc.  By  tins  means  1  succeeded  in  producing 
telephone  wliieli  gave  great  volume  of  sound,  but  its  aiticulatioir 
was  rather  poor;  when  once  familiar  with  ita  peciiliar  sound, 
however,  one  experienced  but  little  difficulty  in  andeiBtaniUng 
oi-dinary  convei-sation. 

After  conducting  a  long  series  of  experiments  with  solid  ma- 
terials, I  fmally  abandoned  them  all  and  substituted  therefor 
tufts  of  conducting  fibre,  con.^isting  of  floss  silk  coated  with 
plumbago  and  other  semi-conductora  The  results  were  then 
very  much  better,  but  while  the  volume  of  sound  was  still  great, 
the  articulation  was  not  so  clear  as  that  of  the  magneto  tele- 
phone of  Prot  Bell  The  instrument,  besides,  required  very 
frequent  adjustment,  which  constituted  an  objectionable  feature. 
Upon  investigation,  the  difference  of  resistance  produced  by 
the  varying  pressure  upon  the  semi-conductor  was  found  to  be 
exceedingly  small,  and  it  occurred  to  -me  that  as  so  small  a 
change  in  a  circuit  of  large  resistance  was  only  a  small  factor,  in 
the  primary  circuit  of  an  induction  coil,  where  a  slight  change  of 
resistance  would  be  an  important  factor,  it  would  thus  enable  me 
to  obtain  decidedly  better  results  at  once.  The  experiment, 
however,  failed,  owing  to  the  great  resistance  of  the  semi-con- 
ductors then  used* 

After  further  experimenting  in  various  directions,  I  was  led 
to  believe,  if  T  cuuld  by  any  means  reduce  the  normal  resistaoq^H 
of  the  semi-conductor  to  a  few  ohms,  and  still  effect  a  differenoSfl 
in  its  resistance  by  the  pressure  due  to  the  vibrating  diaphragm,  I 
that  I  could  use  it  in  the  primary  circuit  of  an  induction  coiL 
Having  arrived  at  this  conclusion,  I  constructed  a  transmitter 
in  which  a  butt*3n  of  some  semi-conducting  substance  was  placed 
between  two  platinum  disks,  in  a  kind  of  cup  or  small  containing 
vessel  Electrical  connection  between  the  button  and  disks  was 
maintained  by  the  slight  pressure  of  a  piece  of  rubber  tubing,  J 
inch  in  diameter  and  i  inch  long,  which  was  secured  to  the  dia- 
phmgm,  and  also  made  to  rest  against  the  outside  disk  The 
vibrations  of   the  diaphragm  were  thus  able  to  produce  tUe 
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requisite  j^ressure  on  the  platinum  disk,  and  thereby  vary  the 
resistance  of  the  button  included  in  the  primary  circuit  of  the 
induction  coiL 

At  first  a  button  of  solid  plumbago,  suck  as  is  employed  by 
glectrotypers,  was  used,  and  the  results  obtained  were  considei'ed 
SxcelleDt,  evervi;hing  transmitted  coming  out  mndemtely  dis- 
tinct, but  the  volume  of  sound  was  no  greater  than  that  of  the 
igneto  telephone 

In  order^  therefore,  to  obtain  disks  or  buttona,  which,  with  a 
low  normal  resistance,  could  also  be  made,  by  a  slight  pressui'e, 
Ho  vary  greatly  in  this  respect,  I  at  once  tried  a  great  variety  of 
substances,  such  as  conducting  oxides,  sulphides  and  other  par- 
tial conducton?,  among  which  was  a  small  quantity  of  lamp- 
black that  had  been  taken  from  a  smoking  petmleum  lamp  and 
preserved  as  a  curiosity  on  aecciunt  of  its  intense  black  colon 

A  small  disk  made  of  this  substance,  when  placed  in  the  tele- 

j)hone,  gave  splendid  results,  the  articulation  being  distinct,  and 

"the  volume  of  sound  several  times  greater  than  with  teleiihones 

.worked  on  the  magneto  principle.      It  was  soon  found  upon 

avestigation,  that  the  resistance  of  the  disk  could  l>e  varied 

Ifrom  three  hundred  «>hnis  to  the  fmctional  pait  of  a  single  ohm 

t>y  pressure  alone,  and  that  the  best  results  were  obtained  when 

the  resistance  of  the  primarj^  coil,  in  which  the  cartwn  disk  was 

Bncludcd,  was  ^  of  an  ohm,  and  the  normal  resistance  of  the 

lisk  itself  three  ohms. 

Mn  Heniy  Bentley,  president  of  the  Local  Telegraph  Com- 

inVi  at  Philadelphia,  who  has  made  au  exhaustive  series  of 

Brpcrimenta  with  a  complete  set  of  this  apparatus  upon  the 

of  the  Western  Union  Telegmph  Company,  has  ac^tually 

iceeeded  in  working  with  it  over  a  wire  of  720  miles  in  length, 

md  has  found  it  a  practicable  instrament  upon  wires  of  100  to 

Boo  miles  in  length,  not\\'ithstanding  tlic  fact  that  the  latter  were 

placed  upon  poles  with  numerous  other  wires,  which  oecasioned 

efficiently  powei*ful  induced  currents  in  them  to  entirely  destroy 

lie  articulation  of  the  magneto  telephone.     I  also  learn  that  he 

\  found  the  instrument  practicable,  when  included  in  a  Morse 
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circuit,  with  a  battery  and  eight  or  ten  stations  provided  with 
the  onlinary  Morse  apparatus ;  and  that  several  way  stations 
could  excLange  business  telephonically  upon  a  wire  which  was 
being  worked  qua<:lmplex  without  ai??turbing  the  latter^  and  not-1 
withstanding,  also,  the  ae'tion  of  the  powerful  reversed  currcnti 
o£  the  quadruples  on  tlie  diapliragnis  of  the  receiver.  It  wo\ild 
thus  seem  as  though  the  volume  of  sound  produced  bj  the  voi< 
with  this  apparatus  more  than  compensates  for  the  noise  cai] 
by  such  actions. 

While  engaged  in  experimenting  with  my  telephone  for  the  pur- 
pose of  ascertaining  whether  it  might  not  be  po8sible  to  dispec 
with  the  rubber  tube  which  connected  the  diaphragm  with 
rhcostatic  disk,  and  was  objectionable  on  account  of  iu  teoilencj 
to  become  flattened  by  continued  ^nbrations,  and  thus  nece<s8itat 
the  If  adjustment  of  the  instrument,  I  discovered  that  mv  pria-^ 
ciple,  unlike  all  other  acoustical  devices  for  the  transmission 
speech,  did  not  require  any  vibration  of  the  diaphragm — that,  in 
lactj  the  sound  waves  could  be  transformed  into  electrical  pul* 
sations  without  tlie  movement  of  any  intervening  mecharusm. 

The  manner  in  which  I  arrived  at  this  result  was  as  follows: 
I  iii-st  substituted  a  spirrtl  spring  of  about  a  qiiarter  inch  in 
length,  containing  iovii'  turns  of  wire,  for  tlie  rubljer  tul^e  which 
connected  the  diaphragm  with  the  disks.    I  found,  however,  that 
this  spring  gave  out  a  musical  tone  which  interfered  somewhat 
with  the  effects  juxMhieed  bj  the  voice ;  but,  in  the  hope  of  over* 
coming  the  defect^  I  kept  on  substituting  si>iral  springs  of  thicker-] 
wire,  and  as  I  did  B<y  I  found  tliat  the  articulation  became  botl 
clearer  and  luuden     At  last  I  substituted  a  solid  substance  forj 
the  springs  that  had  gradually  been  made  more  and  more  inelastic 
and  then  f  obtained  very  nuxrked  improvements  in  the  resultSLJ 
It  then  occurred  to  me  that  the  whole  question  was  one  of  pres- 
sure only,  and  that  it  was  not  necessary  that  the  diaphragm  should 
vibrate  at  all     I  consequently  put  in  a  heavy  diaphragm,  onej 
and  three  quarter  inches  in  diameter  and  one  sixteenth  incM 
thick,  and  fastened  the  carbon  disk  and  plate  tightly  together^l 
so  that  the  latter  showed  no  ^dbrntion  with  the  loudest  toneiul 
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Upon  testing  it  I  found  my  surmises  verilie<l ;  the  articulation 
was  perfect  and  the  volume  of  sound  so  great  tlmt  conversatiou 

I  carried  on  in  a  whisper  three  feet  from  the  telephone  was  clearly 
iieard  and  undei^tood  iit  the  other  end  of  the  line. 
This,  therefore,  is  the  arrfuigt'ment  I  have  adopted  in  my  pres- 
ent form  of  apparatus,  whicli  I  call  the  carl>ou  tt^lephone,  to  dis- 
^ng^iish  it  from  others.     It  is  f  villy  described  in  another  part  of 
ftiis  work. 
The  accessories  and  connections  of  this  apparatus  ior  long  cir- 
I     cuits  are  shown  in  fig.  105.    A  is  an  induction  coil,  whose  primary 
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wire  p^  having  a  resistance  of  several  ohms,  is  placed  around 
1 1  ndary,  instead  of  within  it  as  in  tlie  usual  manner  of  con- 

U  1*     Tlie  secondary  coil  ^,  of   finer  wire^  has  a  resistance 

'  from  150  to  200  ohms,  according  to  the  degree  of  tension  re- 
juired ;  and  the  receiving  telephone  R  consists  simply  of  a  mag- 
Hell  coil  and  diaphi*agni.  One  pole  of  the  magnet  is  connected 
the  outer  edge  of  the  diaphragm,  and  the  other,  whitih  carries 
lie  wire  bobbin  of  al>uut  75  ohms  resistance,  and  is  included  in 
lain  Une,  is  placed  just  opposite  its  centre. 


228 


THE  SPEAKING  TELEPHOKK 


P  R  is  the  signalling  relay,  genemlly  a  Siemens'  polarized  ti 
stniment,  which  has  been  given  a  biaii  towards  one  side,  and  ( 
seqnently  is  capable  of  responding  to  currents  of  on©  de&t 
diiet'tion  only. 

Tlie  lever  of  tins  relay,  when  actuated  by  the  current  fron 
distant  station  on  the  line  in  which  the  iustrnment  is  include 
closes  a  loeiil  eircnit  containing  the  vibrating  call  bell  B,  ui 
thus  gives  warning  when  speaking  communication  is  desired. 

Besides  serving  to  operate  the  call  bell,  the  local  battery  E  is 
also  used  for  sending  the  call  signal     S  is  a  swik-h,  the  lever  of 
which,  when  placed  at  Oj  between  mand  n,  disconnexjts  the  trans- 
mitter  T  and  hx-al  liaitery  E  from  the  coil  A,  and  in  this  posi- 
tion leaves  the  polanzed  relay  P  R  free  to  respond  to  ciJ 
rents  from  the  distant  station.     When  this  station  is  wante 
however,  the  lever  S  is  turned  to  the  left  on  n^  and  depressed  sof 
enil  times  in  rapid  succcssioa,     The  current  from  the  local  baS 
tery,  by  this  means,  is  made  to  pass  through  the  primary  coil 
of  A,  and  thus  for  each  make  and  break  of  the  circuit  indue 
powerful  currents  in  the  secondary  5,  which  pass  into  the  linci 
and  actuate  the  distant  cidl  belL 

When  the  call  signals  have  been  exchanged,  both  termini^H 
stations  phice  their  switches  to  the  right  on  m,  and  thus  intro* 
duce  the  carbon  transmitter  into  their  respective  circuits     The 
changes  of  pressure,  produced  by  speaking  against  the  diaphragm 
of  either  transmitter,  then  serve,  as  already  shown,  to  vary'  the 
resistance  of  the  carbon,  and  thus  produce  corresponding  varia-^ 
tions  in  the  induced  currents,  which,  acting  through  the  receiv^f 
ing  instrument,  reproduce  at  the  disttmt  station  whatever  has" 
been  spoken  into  the  transmitting  instrument 

For  lines  of  moderate  lengths,  say  from  one  to  thirty  mile 
another  aixangement^  shown  in  fig,  106,  may  be  used  advant 
ously     The  induction  coil,  key,  battery,  and  receiving  and  tran 
mitting  telephones,  are  lettered  the  same  as  in  the  pmvious  figij 
and  are  similar  in  every  respect  to  the  apparatus  there  shown ; 
switch  S,  however,  differs  somewhat  in  construction  from  the  on<? 
already  described,  but  is  made  to  serve  a  similar  purjKjse. 
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When  a  plug  is  inserted  between  3  and  4,  the  relay  or  sounder 
R',  battery  E,  and  key  K  only  are  included  in  the  main  line 
circuit,  and  this  is  the  normal  an^angeoient  of  the  apparatus  for 
signalling  purposes.  The  battery,  usually  about  three  cells  of 
the  Daniell  form,  serves  also  both  for  a  local  and  main  battery. 
When  a  plug  is  inserted  between  1,  2  and  4,  the  apparatus  is 
available  for  telephonic  communication. 

I  have  also  found,  on  lines  of  fn>ni  one  to  twenty  miles  in 
length,  that  the  ordinary  call  can  be  di.^pensed  with,  and  a  sim- 
plified   arrangement   substituted     Tliis  latter   consists  simply 


Fig,  loe. 

oi  tne  ordinary  receiving  telephone,  upon  the  dmphragni  of 
whicli  a  free  lever,  L,  is  made  to  rest,  as  shown  in  fig,  1U7.  Wlien 
the  induced  currents  from  the  distant  station  act  upon  the 
receiver  R,  the  diaphragm  of  tbo  latter  is  thrown  into  vibration, 
but  by  itself  is  capable  of  giving  only  a  comjiaratively  weak 
sound ;  with  the  lever  resting  upon  its  centre,  however,  a  sharp, 
penetrating  noise  is  produced  by  the  constant  and  rapid  rebounds 
of  the  lever,  which  thus  answers  very  well  for  calling  purposes 
at  stations  where  there  is  compoi^ativcly  but  little  noise. 
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Among  the  various  otlier  methods  for  signalling  pur 
which  I  ha^e  experimented  with,  I  may  mention  the  soundit 
of  a  note»  by  the  voice,  in  a  small  Eeiss's  telephone ;  the  emploj 
ment  of  a  self- vibrating  reed  in  the  local  circuit;  and  a  br 
wheel  with  many  cogs,  so  arranged-  as  to  interrupt  the  circij 
when  set  in  motion. 


I  have  also  used  direct  and  induced  currents  to  release  clc 
work,  and  thus  operate  a  call,  and  in  some  of  my  earlier  acoust]| 
experiments  tuning  forks  were  used,  whose  vibrations  in  fn^nt 
of  magnets  caused  electtical  cun-ents  to  be  generated  in  the  coil^J 
surrounding  the  latter,  ^| 

By  the  further  action  of  these  currents  on  similar  forks  at  a 
distant  station,  bells  were  caused  to  lie  rung,  and  signals  thus 
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given.     Fig.  108  shows  an  arrangement  of  this  kind     A  and 
are  two  magnetized  tuning  forks^   having  the  same  rate 
vibration  and  placed  at  two  tenninal  stations.     Electro-magn 
m  and  m^  are  placed  opposite  one  of  the  prongs  of  the  forks  at 
each  statiouj  w^liile  a  bell,  C  or  D,  stands  opposite  to  the  other. 
The  coils  of  the  magnet  are  connected  ixispectively  to  the  line 
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^ire  and  to  earth.  When  one  of  the  forks  ia  set  in  vibration  by 
^  starting  key  providetl  for  the  purpose,  the  cun'ents  produced 
l>y  the  approach  of  one  of  its  magnetized  prongs  towards  the 
magnet,  and  its  recession  therefrom,  pass  into  the  Une  and  to  the 
further  ^station,  wliere  their  action  soon  causes  the  second  fork 
to  vibrate  with  constantly  increasing  amplitude,  until  the  bell  is 
struck  and  the  signal  given, 

d^,_ Lim ^t» 


ru^ 


ob 


4^ 


Fig,  109. 

For  telephonic  calls  the  call  hells  are  so  arranged  that  the  one 
opposite  to  the  fork,  which  generates  the  currents,  is  thrown  out 
of  the  way  of  the  lattc^-'s  vibrations. 

Another  call  appiiratns,  which  I  have  used,  is  represented  in 
fig.  109*  In  this  arrangement  two  small  magnetic  pendulums, 
whose  rates  of  \dbration  are  the  same,  ai'C  placed  in  fi'ont  of 
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separate  elcctro-magnets,  the  helices  of  which  join  in  the  main 
line  circuit  Wlxen  ojte  of  the  penduluuis  is  put  in  motion,  the 
currents  generated  by  its  forwanl  au<l  liackward  swings  in  front 
of  the  electro-magnet  pass  into  the  line,  and  at  the  opposite  ter- 
minal, acting  through  the  helix  there,  cause  the  second  pendulum 
to  \ibmte  in  unison  with  the  foniicr. 

Fig,  110  shows  a  form  of  electropborous  telephone  which  acts 
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by  the  approach  of  the  diaphragm  contained  in  A  or  B  towards 
or  its  recession  from  a  highly  charged  electrophorous,  C  or  D. 
The  vibrations  of  the  transmitting  diaphragm  cause  a  disturbance 
of  the  charge  at  both  ends  of  the  line,  and  thus  give  rise  to  faint 
sounds.  Perfect  insulation,  however,  is  necessary,  and  either 
apparatus  can  be  used  both  for  transmitting  and  receiving,  but 
the  results  are  necessarily  very  wcik. 

Another  fonn  of  electro-static  telephone  is  shown  in  fig.  111. 
In  this  arrangement  Deluc  piles  of  some  20,000  disks  each  are 
contained  in  glass  tubes  A  and  B,  and  conveniently  mounto<l  on 
glass,  wood  or  metal  stands.  The  diaphragms,  which  are  in 
electrical  connection  with  the  Ciirth,  are  also  placeil  opj>osite  to 
one  pole  of  each  of  the  piles,  while  the  opposite  iK)les  are  joined 
together  by  the  line  conductor.     Any  vibration  of  either  dia- 
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phragin  is  thus  capable  of  disturbing  the  electrical  condition  of 
the  neighboring  disks,  the  same  as  in  the  electrophon>us  tele- 
phones; and  consequently  the  vilmitions,  when  produced  by  tlio 
voice  iuoni^  instninient,  will  give  rise  to  corresiKHiding  electrical 
changes  in  the  other,  and  thereby  repro<luee  in  it  what  has  been 
spoken  into  the  mouthpiece  of  the  fonner. 

With  this  arrangement  fair  results  may  be  obtiined,  and  it  is 
not  necessary  that  the  insulation  should  be  so  perfect  as  for  the 
electrophorous  apparatus.  Fig.  112  shows  a  form  of  electro- 
mechanical telephone,  referred  to  near  the  beginning  of  this 
communication,  by  means  of  which  1  attempted  to  transmit 
electrical  imjjulsi^s  of  variable  stivngth,  so  as  to  reproduce  spoken 
wor<ls  at  a  distance.  Small  resistance  coils — 1,  2,  8,  eta— MPs 
so  arranged  with  connecting  springs  near  a  platiniun  Imsi 
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^,  iti  connection  with  tlie  diaphragm  in  A^  that  any  movement 
<jf  the  latter  caused  one  or  more  of  the  coiln  to  be  cut  in  or  out 
cjf  the  primary  circuit  of  an  induction  coil  C,  the  number,  of 
course,  varying  with  the  amplitude  of  the  vibrating  diaphragm. 
Induced  cuiTents  corresponding  in  strength  with  the  variations 
of  resistance  were  thus  sent  into  the  line,  and  could  then  be  made 
to  act  upon  au  onlinary  receiving  telephone.     By  arranging  the 


IXg.  112. 

springs  in  a  sunflower  pattern  about  a  circidar  lever,  I  have  suc- 
ceeded in  transmitting  articulate  sentences  by  this  methocl^  but 
tbe  results  were  veiy  harsh  and  dLsagreeable. 

Fig.  113  shows  a  form  of  the  water  telephone  previously  re* 
ferred  to,  in  which  a  double  cell  was  used,  so  as  to  afford  con- 
siderable variation  of  resistance  for  the  very  slight  movements 


T'Tlffm 


m 


Fig,  lis. 


'  the  diaphragm.     The  action  of  the  apparat\is  will  reachly  be 

Understoml  from  the  figni-c,  where  a  wire  iii  the  form  of  the 

lletter  U  is  shown,  with  the  bend  attached  to  the  diaphragm,  and 

fits  enrls  dipping  into  the  separate  cells,  and  tlms  made  to  form 

part  of  the  circuit  when  the  line  is  joinefl  to  the  instrument  at  a 

and  c 

I  am  now  conducting  experiments  with  a  thermo-electric  tele- 
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phone^  which  gives  some  pmmise  of  becoming  serviceable.  In 
this  arrangement  a  sensitive  thermo^pile  is  placed  in  front  of  a 
diaphragni  of  vulcanit-e  at  each  end  of  a  line  wire,  in  the  ciitsxiit 
of  which  are  included  low  resistance  recei\-ing  instrument.  The 
principle  ii|"H:>n  which  the  appnmtus  works  depends  upon  the 
change  of  temperature  pnoduced  in  the  vibrating  diapl 
which  I  have  found  is  much  lower  bb  the  latter  moves  forwa 
and  is  ako  correspondingly  inrrea^ed  on  the  retiim  movement] 

Sound  wa\  es  are  thus  converted  into  heut  waves  of  sim 
characteristic  variations,  and  I  am  in  hopes  that  I  may  ultimat 
be  able^  l)y  the  uise  of  more  sensitive  thenno-piles,  to  transfor 
these  heat  wa\es  into  electrical  currents  of  sufficient  strength 
produce  a  practical  telephone  on  this  novel  principle. 

Before  concluding,  I  must  mention  an  interesting  fact  coa^| 
necled  with  telephonic  transmission^  which  was  diseovere<i  durii^^" 
some  of  my  experiments  with  the  magneto-telephone,  and  which 
is  this,  that  a  copper  disk  may  be  substituted  for  the  iron  di|^H 
phraprm  now  universally  used  The  same  fact^  I  believe,  h^^ 
also  l>een  announced  by  Mr.  W.  H. 
Society,  at  London. 

If  a  ]>iece  of  copper,  aay  »^ne  sixteenth  of  an  inch  thick  ai 
three  fourths  of  an  iiich  in  diameter,  is  seeui-ed  to  the  centre  of 
a  vulcanite  diaphragm,  the  effect  becomes  quite  marked,  and  the 
apparatus  is  even  more  stmsitivc  than  when  the  entire  diaphragm 
is  of  copper.     The  cause  of  the  sound  is  due,  no  dou)>t,  to 
production  of  veiy  weak  electrical  currents  in  the  copper  disk. 


Preece,  to  tlie  Physiea^^ 


CHAFfER  Vn. 

BLECJTRO^HARMONIO  tCELBGRAPHY. » 

m^  in  iriia»j'iiiati<iri,  transport  ourselves  backward  overs 
?riixl  of  three  cen times.    It  is  a  summer  evening  in  tlie  aucietit 
xWsm  City  of  Pka — a  city  whose  curious  lejitiing  tower  and 
r  calliedral  liave  1x*en  reckoned  for  centuries  among  the 
ural  wundei^s  of  the  world.     BetH^rath  the  lofty  ceiling  of 
bo  great  cathedral  a  magnificent  central  chandelier,  snsjiended 
a  slender  silver  chain,  swings  slowly  to  and  fro  in  the  gentle 
>nthern  breeze  that  steals  thi-ough  the  open  arcliea     From  his 
ftation  in  the  chancel,  idly  at  first,  then  eagerly  and  intently,  a 
:iive-race<l  choir-boy  follows  with  his  eyes  the  cluster  of  glitter- 
tig  lamps,  as  ever  and  autm  a  sudden  current  of  air  sets  it 
ringing  in  a  wide  arc,  and  then,  cejisiog  for  a  time,  allows  the 
aotion  to  die  away  in  gradually  lessening  oscillations. 
What  could  there  have  been  in  this  simple  occurrence  which 
interested  the  youthful  oljstTver  in  the  chancel?    It  was  this: 
[e  had  noticed,  what  doubtle^  many  others  had  noticed  before, 
iut  without  in  the  least  apirrehending  its  aignificjince,  the  fact 
lat  the  oscillations  of  the  susi)ended  chandelier,  whether  great 
small,  were  always,  without  exception,  performed  in  equal 
aea     Our  choir-boy^  although  a  mem  youtlx,  had  nevertheless 
Ircady  become  something  of  a  philosopher,  and  his  subsecjuent 
lections  upon  the  remarkable  fact  which  had  thus  incidentally 
1  his  attention,  led  him  direi'tly  to  tlni  discovery  of  one 
ri'>st  compi-eheosivc  and  tir-reaching  of  all  ]>hysical  laws 
be  law  of  isochnDuous  vibration  (the  word  isochronous  being 
lerived  from  the  Gi^eek  and  meaning  ''in  equal  times*'),     Tliis 
jverj"  was  but  the  first  t)f  a  l<*ng  and  brilliant  series,  which 
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littl  iiiectlfi*f  of  iho  American  Elocrri<?nl  Society,  ftt 
,  hy  ¥*  L.  Popu.    JoutuaI  of  the  Amt^riewU  I^oo- 
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have  justly  rendered  the  name  of  Galileo  forever  imniortal  iu  the 
annals  of  science  and  of  lii^u^ry.  * 

In  order  thiit  we  may  arrive  at  a  clear  understanding  of  the 
principles  underlying  the  diflferent  varieties  of  the  telephonic, 
or,  in  more  general  terms,  the  electrodiarmonic  system  of  teleg- 
raphy,  and  that  we  may  Ik?  able  to  trace  intelligently  its  origin 
and  development,  it  is  essential  that  we  should  first  become 
somewhat  acquainted  with  the  laws  and  leading  phenomena  of 
\ibratory  or  undulatory  motion  in  general.  Having  done  this^ 
we  shall  find  no  difficulty  in  passing  to  the  consideration  of  the 
special  practical  applications  of  these  laws,  which  have  recently 
been  mailo  in  the  domains  of  electni- telegraphy  and  electro- 
acoustics,  and  which  have  been  attended  with  such  remai*kably  ^ 
brilliant  and  successful  results*  ^H 

Let  us  consider  for  a  moment  some  of  the  j^eeuliar  propertiffl^ 
of  a  body  freely  suspended  frona  a  fixed  point — in  other  wonis, 
a  penduluoL  1  suppose  there  are  not  many  here  present  who 
do  not  treasure  among  the  happiest  memories  of  childhoo<l  the 
associations  connected  with  the  swing.  It  w:is  simply  a  seat 
auspendetl  by  two  ropes,  perhaps  from  the  hori^sontal  bmnch  of 
some  overshadowing  tree.  I  shall  pmbably  be  safe  in  assuming 
that  you  all  have  a  tolerably  vivid  recollection  of  most  of  the 
phenomena  presented  by  this  mechanical  contrivance  when  in 
iictive  oix?ration ;  a  very  fortunate  circumstiince,  inasmuch  as  it 
will  enable  me  to  place  clearly  liefore  your  minds  some  of  the 
most  important  of  the  fundamental  laws  of  vibration. 

Wlien  om*  friend  the  school -boy,   having  seated  one  of  his 
youthful  favorites  in  the  swing,  and  by  a  sv^ries  of  judiciously 
timed  impulses  gradually  inereasetl  the  amplitude  of  her  osci 
tions  from  zero  to  jierhaps  120°  of  arc^  procec<ls,  in  compltam 
with  her  breathless  recpicst,  to  discontinue  his  exertions,  and, 
the  classic  language  of  the  play-ground^  to  **  let  the  old  cat  di< 
it  is  hardly  surpri.siug  that,  not  being  another  Galileo*  our  young 
friend  has  utterly  failed  to  grasp  the  great  physical  tnith  tl 
the  vibrations  of  the  little  maiden  aT^e  isr>«?hronoiis.     Still 
does  he  pmbably  suspect  that,  even  were  he  to  subject  the  vei 
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t^lioolma'ani  Lerself  in  tho  same  coBrlitions,  the  periodicity  and 
tlie  isfX'hronisin  uf  ]ier  oscillations  would  not  dilTer  from  those 
<of  her  predecessor,  notwitlistiinding  the  much  greater  woiglit  of 
^lie  oscillating  l>ody.     Nevertheless,  such  is  the  fact     It  is  one 
"^rhich  was  exjieriment^illy  demonstrated  many  years  ago^ — ^by 
lyself,  although,  of  commie,  it  would  hanlly  Ijo  becoming  for  me 
»  claim  absolate  priority  over  all  others  in  making  the  experi- 
lent 
Another  important  propertj^  of    the  pendulum  is  that,  by 
f^hortcmng  it,  it  oscillates  more  rapidly.     Thus,  if  we  take  two 
pendulums  one  of  which  is  three  ami  the  other  twelve  feet  in 
length,  the  shoiter  pendulum  will  be  fouiul  to  make  two  oscil- 
lations to  e^ch  one  of  the  longer  one,  and  if  we  continue  the 
experiment  with  jicTidulum^  of  different  lengths,  we  shall  arrive 
at  the  law  that  the  time  required  in  each  case  to  perform  an 
«3Scillation  is  proportional  to  tlie  square  I'oot  of  the  length  of  the 
pendulum, 

I  will  also  call  attention  at  this  point  to  a  third  property  of 

the  vibrating  pendulum,  which  it  will  be  very  importatit  for  us 

to  remember,  in  view  of  what  we  shall  come  to  further  on ;  a 

property  which  is  very  well  illusti-ated  by  the  suspended  swing, 

to  which  I  have  just  referi'ccL     It  is  tlm :  A  freely  suspended 

body,  even  if  it  he  very  heavy,  may  be  set  in  vibration  by  the 

repeated  application  of  a  com]>aratively  insignificant  force,  pro* 

Tided  the  successive  applications  of  the  force  be  properly  timed, 

I  but  not  otherwise.     Of  course  you  have  all  noticed  this  in  the 

I  case  of  the  swing,  and  therefore  I  nee<l  not  enlai'ge  upon  it  fur* 

(ther  than  to  say  that  tho  same  effect  is  piYKluced,  though  in  a 

Hess  degree,  no  matter  whether  the  impulses  are  given  at  every 

\ibration,  at  every  alternate  vibration,  or  even  less  frequently. 

The  essential  condition  is,  that  the  intervals  of  time  between  the 

successive  impulses  shall  be  exactly  the  same  as  the  intervals 

[between  the  vibrations,  or  else  a  multiple  or  submultiple  of  one 

'  of  these  intervals, 

I  have  made  use  of  the  suspended  ]>endulum  to  illustrate 
bfiome  of  the  principal  laws  of  vibratory  motion^  for  the  reason 
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that  its  phenomeDa  am  fnmiliur  to  yon  all,  not  mei^ely  becati 
they  are  of  everv^-day  oecurrenee,  hut  V)eeaii3e  they  am  ve 
easy  of  comprehension  both  hy  the  eye  and  mind.     But 
lawswhicli  govern  the  vibrating  pendulum  equally  govern  all 
tlie  Yaried  phases  in  which  vibratory  motion  presents  it 
throughout  the  realm  of  phymcs. 

All  solid  bodies  exhibit  the  phenomena  of  vibmtion  in  varic 
forrast  and  degree.-^i,  according  to  tlie  fomi  of  the  lK>dy  and 
manner  in  which  the  f*>rce  producing  the  %nbration  is  applic 
Cords  and  wires,  as  familiarly  seen  in  sti*inged  instruments 
music,  have  their  elasticity  developed  by  tension  so  as  to  becon 
capable  of  vibration.  If  the  cord  af  h  (fig.  114)  be  drawn  out  n 
the  middle  to  a  ch,  up<^n  being  released  its  elasticity  causes  it 
to  return  to  its  former  position*  The  velocity  of  this  movemc 
is  constantly  accelerated,  and  1?^  at  its  maximum  when  the  co 


Fig.  114, 

has  reached  its  line  of  equilibrium  afh;  consequently,  it  pasae^^ 
with  constantly  decreasing  velocitj'  to  a  d  b,  where  it  comes  t^f 
rest  for  an  instant,  and  then  returns  to  a  f  b,  and  so  continue*. 
You  will  at  once  perceive  the  analogy  between  the  vibrations  of 
the  central  point  f  of  the  string  between  c  and  d  and  that  of  the 
weight  of  the  pendulum,  and  like  those  of  the  pendulum^  the 
vibrations  of  the  stretched  string  are  isochronous.  It  may 
r^arded,  in  fact,  as  a  kind  of  double  pendulum,  and  id  subji 
to  the  same  laws  as  the  ordinary  iienduluni.  Tlie  tension  an< 
*;liameter  being  equal,  tho  number  of  vibrations  performed  by 
cord  in  a  given  time  am  inversely  as  its  length*  Elastic 
vibrate  laterally  like  cordg  when  fixed  by  tlieir  extremities.  In 
consequence  of  their  rigidity,  however,  they  may  be  made 
^nbrate  when  fixed  ordy  at  one  extremity.  Thus,  a  straight  s 
rod  n  o  may  be  clamped  in  a  vice,  as  shown  in  fig.  115*   If  we  dra^ 
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be  free  end  n  aside  and  tlien  libefnite  it,  it  will  vibrate  to  and 

1)  bt^tween  tlio  |>oiiits  p  and  p  as  shown  by  tb©  doltM  lines. 
The  amplitude  of  the  successive  vibrations,  howevor,  constantly 
iJminisbca,  until  at  length  the  rod  returns  to  its  original  state  of 
st  Such  a  n^l,  when  vibrating,  follows  the  same  law  as  the 
pndulum  and  the  sin*tched  cord,  each  vibration,  whetlmr  grvater 
'  smaller,  being  performed  in  the  same  length  of  time,  and  the 
[lumber  of  vibrations  in  a  given  times  bf?ing  inversely  propor- 
ta  the  square  of  the  length  of  the  rod* 


/ 


/ 


Fig,  115. 

Tlie  ordinary  tuning  fork,  an  almost  indispensable  instrument 

the  ex|)erimental  investigation  of  the  various  prohlenia  of 

acflj  consists  virtually  of  a  double  vibrating  rtxl  uf  the  above 

A^  actually  constructed  it  is  simply  a  steel  Imr,  bent 

kto  the  form  of  an  ehmgated  letter  U,  and  supported  or  clamped 

;  the  middle  of  the  bend,  leaving  the  extremities  free  to  vibrate* 

ben  such  a  fork  is  stniek,  and  thrown  into  vibi-ation  so  as  to 

)iind  its  deepest  note,  its  free  end  oscillates,  as  seen  in  fig.  116, 
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where  tbe  prongs  vibrate  between  the  limits  b  n  and/m,  p  and 
q  being  points  of  no  vibration,  termed  nodes.  * 

Eltistic  phites  aix?  easily  thrown  into  vibration,  but  the  charac- 
ter of  their  vibrations  depends  iiixjn  the  configuration  of  the 
plate,  the  manner  in  wViich  it  13  supported  6r  clamped,  and  the 
point  iit  whii  h  the  exciting  or  moving  force  is  apphe<l  For 
example,  a  circular  plate,  or  a  plate  of  any  regular  geometrical 
iigni^e  capable  of  being  circumscribed  altont  a  circle,  which  is 
clamp^l  or  stopped  at  the  edgas,  but  otlierwise  free  to  vibrate, 
will  have  no  decided  tendency  to  any  given  rate  of  vibration,  but 
will  respond  to  any  kind  of  vibrations  wliich  may  be  communi' 
cated  to  it  But  if  the  plate  be  elongated,  the  normal  rate  of 
vibration  is  affected  by  the  length  of  the  plate,  without  reference 
to  its  lireadtk  The  greater  tlie  length  of  the  plate  in  pn:>portion 
to  its  breadthj  the  more  it  partakes  of  tlie  ehru^cter  of  an  elastic 
rod  or  a  stretjched  string,  according  as  it  is  supported  at  one  or 
both  ends,  and  thereby  becomes  capable  of  vibrating  at  one  par- 
ticular rate,  and  no  other.  You  will  sec,  therefore,  that  we  may 
have  a  succession  of  plates  of  various  forms,  passing  by  degrees 
from  the  circular  plate  clamped  at  its  edges,  which  will  take  any 
rate  of  vibration  with  equal  facility,  to  the  string  or  rod  clamped 
at  one  or  both  ends,  which  will  only  take  one  particular  rate, 
rejecting  all  others.  These  properties  of  plates  of  different 
forms,  in  respect  to  their  mwles  of  vibration,  are  of  the  utmost 
impoi-tance  in  harmonic  telegi-aphy,  as  we  shall  hereafter  see. 

It  remains  to  speak  of  the  vibrations  of  mcrabranCvS,  which  are 
in  many  resi^ects  analogous  to  those  of  platea  When  loosely 
stretched  over  a  circular  hoop  or  frame,  such  a  membrane,  like 
the  circular  plate,  has  no  decided  tendency  to  vibrate  at  any  par- 
ticular rate.  If  strained  moj-e  tightly,  however,  its  tendency  to 
vibrate  at  some  j>artieiilar  rate  is  increased. 

Omitting  for  the  present  a  more  particular  consideration  of 
the  charai'teristics  of  vibrating  solids,  we  will  now  examine 
the  effects  of  %nbratory  motion  up>n  fluids. 


TyndiiU — ^^  Lectures  on  Sound '^  (Ainononn  edition),  p»  1SS« 
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If  we  drop  a  smooth,  round  pebble  into  the  bosom  of  a  plaeid 
pool,  a  series  of  concentric  imduhitions  are  pmduced-     Wave 

allows  wave,  in  ever- widening  circlea,  until  opposing  forces  at 

Bngth  caose  an  equilibrinm  to  be  rcgaine<L  At  the  initial  point 
a  depression  is  produced  by  the  fall  of  the  pebbla     Around  this 

aere  first  rises  a  circular  elevation  above  tlia  surface  of  the 
Iquid  when  in  equilibrium,  and  immediately  beyond  this  is  a 
circular  depressiouj  and  bo  on,  alternately,  succesaiye  elevations 
and  depi'cssiona  When  we  look  at  this  progressive  series  of 
waves,  the  entire  mass  appears  to  advance  progressively  in  every 
direction  away  from  the  point  of  excitation;  but,  if  we  watch 
the  movements  of  some  light,  floating  body,  we  shall  see  that 

lis  body  is  not  carried  forward  over  the  surface,  but  mei-ely 
and  falls  alternately  as  tlie  waves  pass  beneath  it     More- 
over, we  shall  be  able  to  observe  an  exact  analr^gy  between  the 
Vertical  oscillations  of  this  floating  body  and  those  of  tho  sus- 

ended  weight  of  the  pendulum,  or  the  central  point  of  the 
etc]ie<l  string,  thus  proving  that  tho  vibratory  motion  which  we 

ave  already  examined,  and  tlie  undulatory  motion  under  con- 
jpderation,  are  manifestations  of  the  same  law  under  different 

jnditions. 
The  undulations  which  we  have  just  described   are  surface 

I  waves.  All  elastic  mediums  are  also  subject  to  undalations  of 
k  totally  dlilei'ent  character,  which  are  termed  waves  of  oondeu- 
lation  and  rarefaction,  and  arc  produced  in  air  and  gases  by  any 
listurbance  of  density*  If  any  ela^itic  fluid  bo  compressed,  and 
lien  suddenly  released  fi*om  compression,  it  will  expand,  and  in 
hs  expansion  exceed  its  former  volume  to  a  certain  extent,  after 
■rhich  it  will  again  cojttract,  and  thus  oscillate  alternately  on 
pthefBideof  its  position  of  rest  It  must  Ije  understood  that 
this  class  of  undulations  extend  equally  in  every  direction  from 
^ft  centre  toward  every  point  of  the  circumference  of  a  sphere. 
^PFhis  alternate  condensation  and  expansion  of  an  clastic  fluid  or 
medium,  extending  spheneally  around  the  original  centre  of  dis- 
turbance»  is  perfectly  analogous  to  tlie  series  of  cinmlar  wave^n 
which  we  have  seen  formed  around  a  point  of  depression  on  the 
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surface  of  a  liquid,  the  condensation  of  tbe  elasti*;  fluid  oorre- 
t^jKjnding  to  tho  elovutioii  of  a  surfsice  Wiivtv  anii  the  phase  <if 
rarefaction  oorresponcling  to  tlie  phase  of  ileprci^sion* 

SupiKBe  fig.  117  to  represent  i\  sectioa  of  a  sphere  of  air^  or 
other  ehistic  inediurn  in  wliieh  the  waves  of  condensation  and 
rarefaction  have  extended  outward  frt>m  the  centre  C,  then  the 
heavy  lines  a  e/g^  hh  ik  and  d  i  p  g,  will  iTpresent  the  phases  of 
greater  condensation,  tbe  finer  in term&liate  hnes  will  repi-escnt 
the  spaces  of  greatest  mrefaotioni  and  the  distances  ra  n  and  n  o, 
between  circles  of  greatest  condensiition,  will  he  the  length  of 
the  waves, 


Fi'j.  117. 

These  waves  of  condensation  and  I'arefaction  in  an  elastic 
medium,  like  the  waves  on  the  surface  of  a  liquid,  are  subject  to 
the  ortiinary  laws  of  vibration,  and  are  capsjlile  of  producing  or 
of  being  produced  by  tlie  vibrations  of  a  solid  body. 

The  nintual  convertibiUty  of  vibrations  and  undulations  may 
be  shown  by  experiiiient  If  a  tuning  fork  is  struck  or  excited 
by  a  violin  lx>w  and  its  motion  allowed  to  gmdually  die  away, 
its  protigs  oscillate  backward  and  forward  in  the  same  manner 
and  after  tlicsame  law  as  a  penrluhnn,  except  that  they  make 
many  hundred  vibrations  for  each  single  vibration  of  the  pendu- 
lum. A  particular  tuning  fiirk,  therefore,  will  always  perform  a 
given  number  of  vibrations  in  a  unit  of  lime.     This  number  de- 
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pends  solelj  upon  the  constructio!!  of  the  fork^  and  can,  there- 
^fore,  neither  ho  increasf'^l  nnr  (limiiushet],  unless  the  fomi  or 
properties^  of  tlio  fork  are  in  Ht>rae  way  ehunge<l 

If  we  throw  such  a  tuning  fork  into  vibration  the  vibrations  of 
'  the  fork  cause  undnlations  in  the  sinTounding  air,  which  are  pro- 
pagated in  every  din?<nion.  Ilnw  is  thi?^  bnuitrlit  al>t:)ut?  Eiich 
of  the  prongg  beat's  the  air  in  op|Hisite  directions  at  the  same 
time  Let  us  try  to  picture  to  ourselves  the  physieal  condition  of 
tlie  air  in  front  of  one  of  these  prongs^  As  the  latter  striken  out- 
ward the  air  in  front  of  it  will  bo  driven  outward,  condensed,  and 
on  account  of  the  elasticity  of  the  air,  the  condensiition  will  at 
once  start  t*i  tmvel  outward  in  every  direction  a  wave  of  denser 
air;  but  directly  the  prong  I'ecedei?^  beating  the  air  )>iick  in  the 


Fig.  ns. 


contrary  direction,  which  will,  of  course,  rarefy  the  air  in  front 
iOf    the   prtimg.     But  t!ie  <listnrbance   we  call  a  rarefaction  is 
Ipropagated  in  air  witli  the  same  velocity  as  a  condensatiotu 
Te  must  therefore  renieml)er  that  just  behind  the  w*ave  of  con- 
Idensation  there  is  a  wave  of  rarefac*tion,  eacli  travelHng  with  the 
ae  velocity,  and  therefore  always  maintaining  the  same  posi- 
■tion  in  relation  to  each  other*     Thus  the  fork  vibrates  a  certain 
auml>er  of  times  in  a  second,  and  will  consequently  generate  an 
'equal  number  of  thc-ne  waves,  all  constituted  ahke  and  the  same 
length,    (S<'e  fig  118*)    Suppose  a  fork  to  make  one  huncliv<l  vi- 
brations per  second ;  at  the  end  of  the  first  second  the  wave 
Igenerattnl  by  the  vibmtion  at  the  beginning  of  the  second  would 
ive  travelled,  sa}^,  eleven  himdred  feet  (which  is  known  to  be 
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approximately  the  distance  traversed  in  a  66con<1  hy  aerutl  vil 

lion),  and  thu  intermediate  waves  would  l>0  imif  *         Imi 

over  the  interveniug  dintanee  ;  that  13  U>  say,  ih  iri<i 

feet  there  wotild  he  one  hundred  wave?!,  eat^U  o(  them  eviilenlj 

being  eleven  feot  in  length.     If  the  fork  mude  drr 

▼ibrationa  per  second,  each  of  these  waves  would  bu  i. . 

for  wa%^es  of  all  lengths  traveree  the  air  with  precisely  ihoi 

vehxMiy.^ 

Isow,  if  we  place  in  another  part  of  the  Pame  jo^nu  {ii« 
fork,  BO  constnicted  as  to  make  exactly   ihe  8amc  noml 
vibrations  i>er  aecond  as  the  fii-i^t  one,  and  3et  the  tir^i 
vibration,  the  other  one  will  8<jon  bc^in  to  vibrate  ii- 
and  it  will  even  C4jntinue  t-o  vibnae  after  th»*  1i?^t  • 
stoppe(^l     Astoniishing  as  it  seems,  it  is  n  «6  inio 

tbijjhea\y  and  rip- 1      -  -    * -'     '  r   -  v  -.  -  ^.p,jj< 

by  the  8u»'ceHHive  ( 

of  such  small  motive  power  that  it  ixmid  not  0tir  the  we^kc 
I5prin;^  which  '  '   '  '      i       *  '     '      f 

slightest  disaigi 
two  forka  sensibly  diminisheis,  and  a  <1ifferenoe  of  one  vtlmitioo 

I  two  or  three  hundred  per  second  wholly  '^ 

Thus  we  »ee  that  the  isochronous  vibrtiti   .       _    . 
give  rise  to  corresponding  waves  or  nniltilationn  of  i^indc 
and  nin*raction  in  the  air,  and  ther^e  in  turn  re  prod  ^i 
oils  vibrations  in  the  second  fork,  and  will  also  pn;.,.^    ;il 
tions  to  a  greater  or  less  extent  in  every  body  whieh  is  eapsbk 
of  vi}>niting  in  unis<:>n  with  the  first  fork. 

Thus  far  we  have  confined  our  attention  solely  t-*  '"^-^ 
and  effects  of  simple  vibrations.     It  ]\;niaini<  U>  c* 
effect  is  produced  when  a  number  of  distinct  setii  of  vibr 
are   simultaneously    pnipagate^l    thron^^^    *^"*  aamii    lur 
Before  attempting  to  explain  this»  it  i^j  :-  that  w<*  ?») 

undei-j^tiiud  the  graphical  methoil  of  deiinenting  vi 
other  motions  which  mathematicians  and  phyii»i*t-i  t 
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tomed  to  employ  in  order  to  place  the  characteristics  of  these 
notions  befnre  the  mind  through  tlie  medium  of  the  eje,  in  a 
&nner  much  more  intelligible  than  i«  possible  even  by  the  most 
aiiiute  verbal  description. 
Suppose  we  have  a  pendulum  swinging  from  right  to  left  and 
lleft  to  right  with  a  uniform  motion.  In  the  vicinity  of  either 
{ «iid  of  itjs  jjaUi  it  moves  slowly,  and  in  the  middle  much  more 
I  rapidly.  If  wo  should  attach  a  pencil  to  the  end  of  the  pendu- 
I  lum-rtjd  m  that  it  would  mai'k  upon  a  continuous  slip  of  paper  of 
I  sufficient  width,  moving  uniformly  beneath  it  at  right  angles  to 
the  plane  of  its  oscillation,  a  wavy  line  would  be  produced. 
This  wavy  line  once  drawn  would  remain  as  a  permanent  record 
[of  the  kiiul  of  motion  performed  by  the  pendulum  during  every 
I  part  of  its  oscillation.    Fig-  1 19  represents  aline  such  as  would  be 


Mg.  119. 

[produced  l>y  the  pro<^ess  we  have  just  de3cribe<l     It  is  not  diffi- 
cult to  comprvhend  the  meaning  of  the  curves  which  are  thus 
tfonneti     The  marking  point  has  paascd  relatively  to  the  paper 
jwith  a  unifonn  velocity  in  the  direction  a  cL     Suppose  it  has 
described  the  section  a  c  in  one  second.     Divide  a  c  into  twelve 
[equal  pajts,  as  in  the  figure,  then  the  point  has  l>een  one  twelfth 
Wf  asecond  in  dcsgeribing  the  horizonUil  length  of  an>^  one  of  these 
IdiiTsions,  and  the  curve  shows  us  on  which  side  and  at  what 
rice  fn)rn  th<3  p<.>sition  of  rest  the  vibrating  point  will  be  at 
irend  one  twelfth,  two  twelfths,  and  so  un,  of  a  .s<3<jond  or  gen* 
Uy  at  any  given  short  interval  of  time  after  it  has  left  the 
Mil  a,     Wc  SCO  in  the  figure  that  after  one  twelfth  of  a  second 
it  had  reached  xhm  hciglit  1»  and  that  it  rose  gradually  till  the 
m>d  of  tliroQ  twelfths  of  a  secuud ;  then,  however,  it  began  to 


246  TIIK   SPEAKING  TELEPHONE. 

(lescoiid  gi-admillj'',  till  at  the  end  of  six  twelfths  of  a  second  it  had 
reaclRHl  its  laean  position  6,  and  then  it  continued  descending  on 
the  oj)iKjsite  side  till  the  end  of  nine  twelfths  of  a  second,  and  so- 
on. AVe  can  also  Ciisily  determine  where  the  vibratoTy  point 
was  to  be  found  at  the  end  of  any  fmction  of  this  twelfth  of  a 
second.  A  diagram  of  this  kind,  therefore,  shows  at  a  glance  at 
what  ponit  of  its  j^ath^i  vibrating  particle  is  to  be  found  at  any 
given  instant,  and  thus  gives  a  complete  image  of  its  motion.* 

Although  we  are  not  yet  able  to  make  all  vibrating  bodies 
automatically  record  their  movements  on  j^aper  in  this  manner, 
yet  we  may  ourselves  construct  cuitcs  which  truthfully  represent 
their  vibraticm  when  the  law  of  their  motion 'is  known;  that 
is,  when  wc  know  how  far  the  vibrating  point  will  be  from  its 
mean  position  at  any  given  moment  of  time.  We  set  oflE  on  a 
horizontal  line,  such  as  a  i,  fig.  119,  lengths  corresponding  to  the 
inten-al  of  time,  and  let  fall  i>erpendiculars,  or,  in  mathematical 
language,  ordinates  to  it,  on  either  side,  making  their  lengths 
equal  or  i)roi)ortional  to  the  distance  of  the  vibrating  point  from 
its  mean  position,  and  then  by  joining  the  extremities  of  these 
I>erpendiculars,  we  obtain  a  curve  such  as  the  vibrating  body 
would  actually  have  drawn,  if  it  had  been  possible  to  make  it  do 
so.  Physicists,  therefore,  having  in  their  minds  such  curvilinear 
forms,  representing  the  law  of  the  motion  of  vibrating  bodies, 
are  accustc^med  to  speak  as  a  matter  of  convenience  of  the  form 
of  vibration  of  such  iMxlies,*  a  term  which  I  shall  hereafter 
enii)l<)y  when  referring  to  the  snbje<'t. 

AVe  arc  now  ready  to  n^turn  to  the  consideration  of  the 
phenomena  of  compound  vibrations.  To  illustrate  in  a  general 
way  the  characteristies  of  this  kind  of  motion,  we  conveniently 
refer  again  to  the  waves  formed  ui>on  a  calm  surface  of  water. 
We  have  seen  that  if  this  surface  is  agitatcMl  by  a  pebble  dropped 
uj^on  it.  that  the  agitation  is  propagated  by  ooncentrio  waw 
extending  in  every  direction  from  the  centre  to  a  greater  and 

EUi>  ,]..  .'11. 
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ter  distance.  Now,  if  we  drop  two  pebblea  at  two  pointa 
:?ome  little  distance  from  eacli  otlier^  we  sbull  produce  two 
j^epaimte  centres  of  itgitation.  Eiich  mil  set  in  motion  a  separate 
set  of  concentric  waves,  and  tliese  two,  gradually  expanding, 
"will  finally  meet  and  overlap  each  ntlier.  When  this  happens, 
it  is  easy  to  see  that  not  only  tho  water,  but  any  floating  body 
upon  its  surface  m  well,  will  be  mi  in  motion  by  both  kinds  of 
a^itjition  at  the  same  time,  but  this  fact  ^vill  in  no  wise  interfere 
with  the  separate  propagation  of  both  sets  of  wave&  Each  of 
tliese  w\\\  continue  to  advance  furtlier  and  further  over  the  sur- 
face precisely  as  if  the  other  had  no  existence.  As  they  pro- 
iceed^  thase  part*^  of  both  rings  which  have  just  coincided  apj^ear 
again,  distinct  and  unch;mge<i  in  form*  These  little  systems  of 
waves  may  be  accompanied  by  other  and  larger  systems,  caused 
by  the  action  of  the  wind,  but  they  will  continue  to  spread  out 
over  the  surface  thus  agitiited,  witli  the  same  sy.^tematic  regu- 

rity  that  they  did  upon  a  perfectly  calm  surface. 
The  action  of  the  vibrations  or  undulations  of  the  atmosphere^ 
which  produce  the  sensation  of  sound,  is  strictly  analogous  to 
that  of  the  waves  of  water.  There  is  practically  no  limit  to  the 
numlKiTof  distinct  sets  of  vibrntiona  which  may  be  going  on  at 
the  same  time,  without  mingling  witli  each  other;  but^  in  cases 
iirhere  there  are  many  of  these,  the  resulting  motion  of  each 
separate  particle  of  air  is  necessarily  complex,  almost  l>eyondthe 
power  of  the  juind  to  conceive.  The  principle,  however,  may 
he  understood  perfectly  well  by  studying  the  composition  of  two 

r  three  sets  of  simple  vibrations,  and  this  may  be  readily  done 

»v  the  aid  of  the  method  of  graphic,  projection,  which  has  been 
iore  explained. 
Thus  in  fig.  120,  we  may  suppose  the  horizontal  length  of  the 

iagram  to  repi-csent  a  unit  of  time.     Tlie  cur%'e  A  will  then 
i^present  the  undulation  in  the  atmosphere  caused  by  the  vi- 

rations  of  a  tuning-fork  in  action.      The  horizontal  distances 

easured  on  the  straight  line  will  represent  the  passing  time» 

and  the  vertical  heights  the  c^jrresponding  displacements  of  the 

particles  of  air.     Now,  suppose  a  second  fork  is  set  in  action, 
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which  is  tuned  an  octavo  liigher  thaa  tbe  first,  and,  oonse- 
quentlj,  makers  twice  as  many  vibmtiona  in  the  same  time  The 
undulations  jirodnced  by  the  seo<:vnd  fork  will  be  reprcisented  by 
the  curve  B.  In  such  case,  the  curves  ab<jve  the  horizontal  line 
represent  the  compression  of  tlie  air,  and  those  below  the  j 
its  rarefaction.  Now,  accoriHng  to  the  laws  of  mechanics,  if  twq 
different  forci?s  act  in  the  same  direction,  the  total  force  is  reproirl 
sented  by  their  sum,  while  if  they  act  in  opposite  directions  it  is 
represented  by  their  difference.  If,  therefore,  we  combine  these 
two  simple  curves,  according  to  this  principle,  we  shall  have  a 
composite  curve  0,  wiiich  I'epresents  the  eHect  produced  by  the 


Ih'g.  120. 

superposition  of  one  set  of  waves  upon  another.  The  line  Cj 
is  the  sum  of  the  lines  a^  and  6j,  while  Cg  is  exactly  equal  to 
aj.  On  the  other  hand,  the  line  Cj  represents  the  difference 
between  the  lines  a^  and  6g,  one  being  al>ovethe  horizontal  line 
and  the  other  below  it.  Every  puint  in  the  curve  C  may  be 
found  in  the  same  manner,  and,  by  the  same  method  of  con- 
struction, the  resultant  curve,  corresponding  to  any  number  of 
simple  curves  combined  together,  may  ulsu  U".  found,  as  you  will 
readily  undersUmd. 

The  simple  vibrational  form  is  always  the  same.     It  is  only 
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fits  wave  height  or  amplitude,  and  its  wave  length  or  periodic 
time^  whii-h  is  sasceptiljle  of  change.  But  the  nuiiibeu  of  vibra- 
tional forms  which  may  arise  frmu  the  composition  of  simple 
forms  are  mathematically  infinite.     The  converse  of  this  prop- 

tositioii  is  also  true,  which  is,  that  any  form  of  vibration,  no 
matter  how  complex,  may  te  expressed  a3  the  suin  of  simple 
vibrations.      This  was   first   mathematically   demonstrated  by 
Foiirier,  but  its  experimental  proof  is  due  to  the  labors  of  the 
t  German  physicist,  Hehnholtz,  who,  after  a  most  elaborate 
ries  of  investigations^  succeeded  in  separating  from  each  other 
e  seveml  simple  sounds  which  form  the  constituents  of  a  com- 
te  sound.     It  is  not  necessaiy  liere  to  enter  into  a  description 
the  methods  employed  by  Hehnholt^s  in  acoomplishi  ng  tills 
iUtifuI  result,*  although  we  shall  have  occasion  t-o  refer  hero- 
some  of  the  analogous  means  which  have  been  employed 
^  I  r*phy  for  the  same  purpose,  that  is  to  say,  the  analysis  of 
r>mposiie  vibratory  motions. 

The  idea  of  synchronizing  the  movements  of  tlie  two  itistm- 

ieut»  at  widely  sepai^ated  points  for  telegraphic  purpose's   by 

ing  1183  of  the  principlea  of  isochronous  vibration,   was 

d  in  telegraphy  at  a  very  early  perio<l.     Thus  Rnnalds^ 

„,,ij  and  Vail' in  lSo7,  employed  is<:>chi\.»nous  pendulimis 

contix)!  their  machinery,  while  at  a  later  date  the  printing 

h  of  Hughes,  ♦  and  the  automatic  tc^legraph  of  Cusselli 

,.  ;  w«jrs,  have  embodied  most  ingenious  and  beautiful  appli- 

tions  of  the  same  principle,  with  which  I  presume  you  are  all 

more  or  less  fanuliar,  and  therefore  I  need  not  dwell  upon  them. 

Li  1861,  Mr,  Philip  Rciss,  of  Germany,  made  the  first  appuratus 

f  which  we  have  any  account,  for  reproducing  miLsietd  sounds 

at  a  distance,  by  means  of  electro-magnetism.     His  devices  were 

1  For  II  Ml  account  of  the  appiurittus  iiiirlmetlxoda  craplojed  iu  tlioite  experiment!, 
mViiL,  ClmpU^r  III. 

»  Soe  Shaffner— *^  Telcirrnpli  Mmmul,"  p.  147. 

»  Viiil — " El«ctro-iiiftgn<ftia  T^legmph,"  p.  l^^\  ShftlTiiPr— **  Ttlvgrai^h  Matiunl,** 
^.  962. 
^  APrwoottr— "  Hi»torr,  Theoiy  and  Practice*  of  Electric  Teleifmpli,"  p.  130,     Also 
uthor's  **  Electricity  uiid  Electric  Telegraph/*  p.  <J0». 
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very  ingenious  and  "beautiful^  and  it  m  evident,  fronv  descriptions 
and  papens  publisbeil  at  tbat  time/  one  of  whicli  lias  recently 
been  repi-odueed  in  the  Journal  of  the  Telegraph,  that  Rciss  h;id 
made  a  thorough  study,  both  of  the  laws  of  electro-magnetism 
and  of  acoustics,  and  underst<;iod  perfectly  the  conditions  of  the 
problem  with  wliich  lie  umiertook  to  deaL 

Sound  m  »iiM]>ly  a  sensation  resulting  from  the  action  of 
vibrations?  upon  the  nerves  of  the  ear.  If  tlie  same  vibrational^ 
are  felt  by  tlic  touch,  they  produce  a  certain  peculiar  lluttering^H 
sensation ;  but  this  is  not  sound.  Therefore,  although  all  rounds 
are  necessarily  tlie  resnlt  of  vihrationi?,  all  \dbrations  do  not 
necessarily  produce  sounl  The  vibratory  motions  proceeding 
from  sounding  bodies  are  usually  conducted  to  the  ear  through 
the  medium  of  tlie  atnio^phere.  Therefore,  to  produce  any  given 
sound,  of  whatever  charaetc^r,  at  a  distance,  it  is  evidently  only 
ne(^essarv  to  tbmw  the  atran8phere  at  this  point  into  vibration 
precisely  siniilar  in  every  I'cj^pect  to  those  which  would  be  pro- 
dnced  by  the  action  of  the  original  sooi'ce  of  sound,  whatever  it 
may  be. 

It  is  found  that  all  the  characteristics  of  sound  which  are 
appreciable  by  our  senses  depeud  upon  three  things;  Firsts  the 
rapidity  of  the  vil» rations^  which  determines  what  we  call  the 
pitch  of  the  sound,  wliether,  for  example,  it  is  high  or  lowj 
second,  the  amplitode  of  the  vilirations,  which  determines  tlie 
loudness  or  pow<M*  of  tlie  sound  ;  and,  third,  the  form  of  vibra- 
tion, as  represented  by  the  enrve  oori'csponding  to  the  movement 
of  the  vibrating  lx>dy,  which  determines  the  quality  of  the 
soLinti 

The  appai-atus  of  Beiss  consisted  of  a  thin,  atretclied  raem- 
bmne,  rigidly  supported  at  the  edges,  and  free  to  vibrate  in  the 
middle.  The  mathematical  theory  of  the  vibration  of  such  a 
membrane,  having   a  uniform  tension  in  all  directions,  shows 

1  B^iftf^—Dingler'^  JhlpU^hnic  Jour^tal,  Vol.  CLXVTIL,p.  1^ ;  Legat^^^tMb^ 
d«9  DifWt*eko9Urrmehi»Bh0n  Mtffnxpkwn  Ver^wjt^  Vol.  IX..  p,  ViU,  An  oKoellcnt  tm*tf«- 
liidon  of  thU  la*t  paper  mnv  b«  found  in  the  Journal  ^f  th*  TiUffvpk,  Vol.   X.,  p. 
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It  Tihrations  produced  in  any  part  of  the  membrane  will  pm- 
"cltice  iie;irly  a>i  ?tron^  vibmtions  (disreganling  ijidividmil  nodal 
lines^)  in  all  other  parti?  of  it  A  lliin,  light  membnane  is  not 
only  Eusccptible  of  STr'mpatbetic  vibration  when  vibrating  air  is 
allowod  t<i  act  upon  it,  but  this  vibration  in  not  limit^nl  to  any 
jmiticular  pitt^li,  and  it  is  thert^fom  capable  of  ivsj Handing  to 
fonorous  vibratiouH  of  t^very  character,  traversing  the  atmt3«- 
phere,  A  delicate  circuit-breaker,  attached  t^i  the  membrane, 
wius  arranged  to  l>reak  the  circuit  of  a  telegraph  line  at  the 
vibration,  and  thus  the  armature  of  an  eleciro-nuignet  at  the 
»i?eiving  station  was  easily  adjusted  to  pesjKjnd  to  those  vibni 
tions,  and,  when  mounted  u]>on  a  proper  scMindingdxiard^  gave 
them  out  to  the  atmosphere,  which  conveyed  them  to  the  ear  of 
the  listener. 

Now,  if  tlie  form  of  vibration  inthij?  sound ing-bonnl  could 
liave  been  made  tj  coincide   iiL  all    renipects  with  that  of  the 
aembrane  at  the  station  from  which  the  vibrations  had  been 
ithsmitted,  Rciss  W(ui!d  have  bad  a  iier|>:t  sound  telegraph  or 
pleplione.     B\it  this  was  fur  from  being  the  cB.se,     Tlie  pitch 
nd  rhythm  of  the  scuimU  were  perfectly  preserved ;  then*  loud- 
?ss  or  intensity,  also,  to  a  vfry  j^mall  extent ;  but  the  quality 
entirely  lost      It  is  not  difficult  to  understand  the  i^^o^ion  of 
bis-     Every  vil>ration  of  the  membrane  caused  a  ]iulsation  of 
ricity  to  traverse  the  wire  and  act  upon  the  electro-magnet, 
itaseiwh  and  every  vibmtion  of  the  armature  was  pixxluced 
a  current  of  pret^.isely  the  game  strength^  the  only  difference 
the  amplitude  of  tliese  vibmtions  woidd  be  that  due  to  the 
lore  complete  magnetization  or  demagnetization  of  the  electro- 
agnet,  when  the  time  alh»wcd  for  the  process  was  inereaserj  by 
be  grejiter  play  of  the  circuit-closer,  under  the  influence  of 
ronger  \nbrutioTis  at  the  traosmttting  stiition.     The  forni  of  the 
ibnitions  was  of  course  altogether  lost^     Any  simple  musiail 
ae,  consisting  of  a  regular  succession  of  uniform  ^HbrationSp  or 
iy  series  of  such  tones,  could^  however,  be  reproduced  with  the 

itest  ac'cunuy. 
The  next  imix^rtant  step  in  the  progress  of  iiAvention  was 
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olA'iously  the  discovery  of  some  means  wherel>y  the 

amplitude  of  each  vibration,  or  succession  of  vihrationa, 
simple  or  compoimd,  could  be  directly  repnxluccd  by  mt*mi&l( 
the  electric  current;  and  wlien  this  was  ojice  done,  the 
problem  of  harmtjuic  telegrapliy  nmy  be  said  to  ha\*e  h*^f^i  i 
This  having  been  accomplished,  it  Wfis  not  diSicult.  to 
that  two  important  practical  applications  might  bo  expiK!ted 
follow,  namely^  multiples  transmission,  and  vot^'\l  transmie 
I  l)elieve  tliat  this  disco  very  of  the  true  methoil  i»f  liuii^isiHtiQ 
oomposite  vibrations  was  tirst  publicly  announced  in  the  J^mrml 
of  this  society/  in  a  paper  coutribute^l  by  Mr.  E'    '      ■  ' 
having  been  made  l»y  him  in  Decern Vier^  1874.     1 
causing  the  effeotive  strength  of  the  electric  currenti  bj ' 
the  transmission  is  eflfet-ted,  to  rise  and  fall  with  the 
amplitude  of  the  vibrations  or  waves  which  are  to  \ye  repnn 
Nothing  could  be  more  Bimple  and  beautifiU  in  a  llii<«irebta 
point  of  view,  but  the  prat^tie^d  exejnpiifi(*ation  of  the  niethodtflS" 
ig  UR\ial  in.  sueli  eases,  |p:!senteil  e<»iisiderable  difficulty. 

At  the  time  of  making  this  important  improvement,  Mr.  Gt 
had  almady  been  ongapred  for  more  than  a  yetir  in  mv^ 
to  devise  a  practical  means  of  transmitting  an« I  isiinul; 
repro<]ucing  a  numlx*r  of  ti>nes^  so  as  U}  utiliaoB  tiu^m  fi^r  t| 
puq>ose  of  multiple  telegnipliy.     Let  us  briefly  gkiiee  at  what 
he  had  aln^ady  aecom])Ushed, 

It  was  observed  in  1837^  by  Dn  Page,*  that  a  musical 
waj*  produced  by  a  magnet,  Ijctw^eeu  the  pole«  of  which  a  1^ 

spiral  WIU5  plitced.     The  sound  was  heanl  whenevri 

made  or  broken  lietween  the  coil  and  the  batterv. 
vations  were  confirmed  and  extended  by  Do  la  Kivc» 
heim^  and  many  others.     Tlte  apparatus  employ*'*!  b v  ^ 

^  Gnr^  Jfynrtutlof  Am^con  ^X 
\tH  mode*  ol  opcmtlOH  win  bu  foui 
of  Ma/  4,  l^T^J  {iirvut  Britoln\  mid  i  -.,  n,   .r  j„; 

•  PiMftf — Am4riean  Journal  of  S^i^*^  (flrrt  «ir. 
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tperimentei-s  may  be  de^ribeti  in  geneml  temis  as  an  electro- 
aet  with  a  selMnten-uptiiig  break^piece  attached  to  its  anmw 
ire,  aod  anotber  Diagnet  in  the  same  circuit  for  pmdiidiig  the 
>uiifls.  The  sounds  proootHl  from  the  core  of  the  magnet  iUself, 
[id  HI'S  caused  by  lite  molecular  change  which  takes  place  in 
%e  iron  at  the  moment  of  ma^^netization  or  demagnetization, 
''hen  the  current  m  interrupted  a  sufficient  number  of  times  per 
comb  the  successive  soiinila  produce  iiix)n  the  ear  the  effect  of 
Sk  musical  nota  The  method  by  which  Gray  at  first  stmght  to 
ecomplish  the  desired  result  of  multiple  transmission  was  by 
Immging  two  or  more  self-interrupting  magnets,  adjusted  to 
different  rates  of  vibration,  so  as  to  elose  the  circuit  of  the  same 
line  at  the  sending  station,  while  at  the  receiving  station  all  the 
Bnrrents  passed  through  a  scries  of  elecrtro-magnets,  equal  in 
amiber  to  the  transmitters,  and  having  armatures  sevemlly 
sted  to  their  r»?spective  rates  of  vibration.  As  Mr.  (Iray  has 
ly  described  this  appai'atus  at  length  in  a  prece»bng  number 
of  the  Journal,  1  I  need  not  enter  into  further  particulars  con- 
eming  its  construction  and  arrangement,  but  will  in  a  few 
ronls  point  out  the  n?ason  why  it  failed  to  answer  its  intended 
pui-posci  except  to  a  very  limited  extent  Suppose  we  have  two 
elf-interrupting  tniUsmittciH,  r)ne  of  which,  a,  makes  six  vibra- 
Ikions  in  the  same  time  that  the  other  one,  l\  malvcs  five.  If  we 
now  set  thcni  in  operation,  first  one  and  then  the  other,  and 
econl  the  pulsations  on  chemical  paj)er  at  the  rcc^^iving  8tatif>n, 
re  shovild  obtain  tlie  results  shown  in  fig.  121  at  a  and  6*  But  if 
G>th  are  set  in  operation  si raultanoously,  we  get  the  result  shown 
the  third  line  of  the  figure,  at  c,  Now,  it  is  obviously  quite 
sible,  by  insuring  a  proper  relation  between  the  timers  of 
fibmtion  of  two  or  even  more  transniittei^,  to  avoid  any  material 
aterference  between  the  different  sets  of  pulsations,  but  a  limit 
very  quickly  reached,  because,  as  you  will  readily  perceive, 


1  Gray — Jtmrnftl  Amtri4>ar^  £l«ctnrnl  .^Oi'Uiif^  vol.  i,  pp.  5,  6.     For  deUils  and 
thoT  dcucription  seo  ajuet'ifli'iitioiis*  fif  Gray'»  putoiits,  viz.,  2,(>4li,  of  July  'ii»,  l^T^i, 
ftd  Ir74,  of  Mftrch  1«,  IH75  (Grt^nt  Brittuu) ;  aUo  No.  lRfl,0tr5,  of  July  *i7, 1875  (Omted 
n);id>0|  ^^Knufht'ft  Meohanicnl  Dictiofittry,"  Artioulaiing  '^Telephone/* 
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any  considerable  tiiimber  of  transmitters,  acting  iu  this  mm 
tij  open  and  close  the  same  circuit,  would  proda*"-"  •  ..  .  ►  .. 
cm-rent,  and  no  analysis  of  the  separute  sets  of  v  it 

receiving  station  would  be  possible* 

I  will  now  procetnl  to  der^cribe  iu  genond  Uuwl^  mr 
the  improvement  by  JueanB  of  which  Mr.  Gray  wa.^  ^ 
tninsmit  an  indefinite  number  of  different  series  of  vibratioosi 
without  destroying  their  indiv id nality.  The  details  *  '  ' 
tern,  and  the  particular  uppliciiliou  of  it  to  niLdtipl<5  f - 
ha\ang  been  already  made  known  in  a  preceding  numl>er  uf  the 
Journal/  I  shall  not  attempt  to  enter  into  them  at 

The  strength  of  current  in  any  circuit  may  h*: 
ways:  by  employing  a  constant  electromotive  forcei  and  varying 


Hj/.  121. 

the  resistance  of  the  circuit,  or  else  by  varying  the  eIe<?tTwnc 
force,  and  allowing  the  i-esii^tance  to  remain  constant 
employed  the  latter  pi'ocess  in  his  method  of  multiple  telegiupli 
£ach  seriee  of  vibrations  at  the  transimittir]      '  ^  '       a<ld^ 

to  the  existing  ones  by  tlie  depretision  of  1 1  -,t7v^ 

with  it  its  own  section  of  l>alter}%  and,  therefore,  ite  ele< 
force  wns  superposed  iipoa  that  already  in   r' 
effect  of  thia  was  to  pixxlncc  a  resultant  d 
strength,  which  would  bo  properly  represented  by  a  eunro  k 
ical  with  that  repres-  '  "        of  tlic  - 

simple  vibnitions  at  i  The  m 

eomjxjsite  vibrations  at  the  receiving  litiitioii  ytm 


«  Qny — Journnl  Am^rictin  Ktm4riml  Sixi^f,  v^l   \ 
of  Qr««t  BritAia  wid  UmiiMl  f^tttiw,  f^fvirvO  ' 
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ies  of  f!lectro-inngnets,  tbe  several  armatures  of  which  were 

or  plates  adjiisterl  to  a  certain  mle  of  vibration,  the  normal 

site  of  each  armature  l)ar  differing  from  that  of  the  other    Each 

aiatui-e  bar  will  respond  to  its  corresponding  set  of  vibrations 

>nly»  an<l  it  makes  no  difference  whatever  whether  these  vibra- 

ions  arn  tmnsnxitted  alone,  or  whether  they  form  a  constituent 

-  of  a  composite  series  of  vibrations.     Each  set  of  vibrations 

broken  up  into  dots  and  dashes  by  the  action  of  a  key,  just  as 

it  was  an  ordinary  continuous  current.     But  as  a  matter  of 

tlie  maiD  circuit  is  never  broken,  although  the  strength  of 

J'current  is  constantly  varied     The  manner  in  which  the«c 

Btiires  ai-e  thrown   into  Wbration  by  the  properly  timed 

ipulses  of  the  electric  current  acting  upon  the  electro-magnet 

as  you  will  rejidily  perceive^  sritrictly  analogous  to  thiit  of  the 

ring,  which  can  ordj'^  be  set  m   action   by  proi)erly   timed 

ipukes ;  or  that  of  tbe  tuning  fork,  fet  in  vibratioa  by  the  tiny 

ilows  of  the  little  atmospheric  waves,  in  the  manner  which  has 

Jy  Iwen  explained. 

The  ref»rodnoticM»  of  articulate  vocal  i^onfidg  at  a  distance, 

flepends  the  same  I    principle  as 

lultiplc    nariiiuiiu:    irarismisf^ion,   naiin-j>,    iul-   ininsmissiou  of 

:>mpcjfiite  vibrations.     This  will  become  evident  from  a  consid- 

ion  of  the  character  of  articulate  sounds,  such  as  those  of 

human   voice.     The  analysis   of  vocal    S0UU4I3   was  first 

liplitfhod  by  Ilelmholtz.  *    It  would  occupy  too  much  space 

'  detail  the  experiments  by  which  he  succeeied  in  establish- 

ktlie  fact  that  the  different  vowel  sound*  are  produced  by 

presence  of  a  fundamental  not^?,  mingled  with  higher  har- 

motucs  in  various  proportions,  a  harmonic  tone  being  a  weak 

tone,  caused  by  a  nite  of  vibration  twice,  three  times, 

times^  and  so  on^  greater  than  that  of  the  fundamental. 

several  vowels,  thereforr*,  belong  to  the  class  of  sustained 

which  can  be  used  in  music,  while  the  character  of  conso- 

inainly  depends  upon  bnef  and  transient  noises.      The 


\  Jl^HmMUr^lHt  LiArg  nm  dtm  ToMmj*J(ndun{fm  (Ellin*  Tnii)^atioii)|  Chap.  IIL 
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problem  in  tbis  case  was  to  reproduce  at  the  receiving  station 
precisely  the  same  vibrations  m  the  atmosphei-e  as  those  prt>- 
duccd  by  the  voice  of  the  speaker  at  the  transmittiQg  gtatioiL 
We  have  seen  why  Beiss  was  utiable  to  accomplish  thi&  Let  us 
see  wherein  later  inventors  and  discoverers  have  been  more 
fortunate. 

Some  time  prior  to  February,  1876,  Gray  conceived  the  idea 
of  attaching  to  a  stretcheil  riieml*rnne,  such  as  that  used  bv 
Reias,  a  resistance  apparatus,  which  should  Ije  placed  in  a  con- 
stant circuit,  and  caused  to  vary  with  the  ^^brations  of  the  mem- 
brane in  response  to  the  sonorous  waves  traversing  the  atmo- 
sphere and  impinging  upon  it  Of  course,  if  this  could  be  done, 
it  would  be  easy  to  attach  an  electro-magnet  with  an  armatiu^ 
formed  of  a  circular  plate,  which  would  respond  to  vibrations 
of  every  chamcter,  and  thus  reconvert  tlie  w"avc«  of  electricity 
into  aerial  sound  waves.  A  caveat,  describing  this  invention, 
wag  filed  by  Gray  in  February,  1876^  and  himself  and  others 
have  since  l>een  engaged  in  perfecting  and  elaborating  it,  with 
a  very  satisfactory  degree  of  practical  suecesa  ^ 

We  will  now  turn  to  the  labors  of  another  inventor  in  the 
«ime  field,  Mn  Alexander  Graham  Bell.  Like  Gray,  he  had 
been  for  some  time  at  work  open  the  problem  of  multiple  tele- 
graphic transmission  by  means  of  harmonic  vibrations,  and  when 
we  consider  that  each  of  them  appears  to  have  been,  at  least  as 
late  as  October,  1874,  in  entii'e  ignorance  of  the  labors  of  the 
other,  the  singular  coincidence  in  the  results  which  they  finally 
atudiied  was  not  a  little  remarkable.     Gray  had  approached  the 


*  Since  th«  aluovo  was  written,  Mr.  Thomas  A.  Edison,  of  Menlo  Park,  New 
Jersey^  i«  witd  to  huve  obtained  very  KotUftitJtory  re«nltA  with  &  t«ile[>hone  con- 
structed upon  tho  genera]  plan  s«t  tbrth  in  Groy*R  caveutf  ».  #.,  a  vnrijiblo  reakatjmci! 
controlled  by  the  vibrations  of  a  diuphragni*  Kditioii  rnude  the  discovery  that 
plumbago  poftae.sfied  the  curious  property  of  alto  ring  its  eloctricad  resistance  in  pro- 
portion to  the  preHfturo  to  wjiieh  it  i*  subjected^  and  availed  htmi^eU  of  this  di**- 
<?overy  in  the  con^tru Lotion  of  hU  telephone.  More  recently  th©  aamo  cxpcnment^r 
ia  aaid  to  have  obtained  still  better  reeulta  by  the  nse  of  carbon  in  the  form  of  JBin|>- 
hlack,  from  the  anioke  of  an  ordinary  hydrocarbon  lamp,  eomprcsdcd  into  a  oylm^ 
iiricai  buttou.    No  details  of  thia  apparatua  bavo  yet  b«en  mado  pul»Hci» 
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[subject  from  the  Btand-poiiit  of  an  electrician.    Bell,  on  tbe  other 
liancl,  vras  a  phvsii>lo^ist,  and  so  apfiroached  it  from  the  opposite 
,  ilirectionj  if  I  may  use  the  expre^y^ion^     As  early  as  18'«7,  he 
^became  interested  in  the  researches  of  Ileluiholtz,  because  of 
Itheir  bearing  Tipon  the  subj^-tof  his  jfrofessional  Btudy,  vocal 
physiolof^y,  or,  in  other  words,  the  iii<?chanism.  of  human  sjieeclu 
His  earliest  experiments  appear  to  have  Ijeen  made  in  Boston  in 
1872,  but  were  substantially  repetitions  of  those  ali^ady  made 
|i>y  ITelmholtz.     In  November,  1873,  he  completed  an  experi- 
tnental  instrument  with  two  selfdntermpting  transmitting  reeds, 
ad  two  corresponding  receiving  reeds,  the  transmitters  being 
t^^^unected  in  niulti|>le  arc,  exactly  as  in  Gray  a  fiist  method- 
iFor  reasons  which  have  already  been  given  in  speaking  of  Gray^s 
^Apparatus,  it  is  possiljle  to  transmit  two  separate  series  of  vibra- 
tions without  material  interference  in  this  manner,  yet  a  Umit  is 
I  very  soon  roacbedj  because  the  current  l)ecomeg  practically  cou- 
fcinuous.     Bell  continued   his  experiments   in  multiple  trana- 
Imission  during  the  3'eai's  1874  and  1875,  but  it  (k>cs  not  appear 
I  that  anything  of  practical  importance  in  that  direction  resulted 
yfa  them.     At  length  he  seems  to  have  turned  his  attention 
\X(j  the  development  of  the  speaking  telephone,  and  in  the  spring 
I  of  1876  he  an'iv*"d  at  some  impoiinnt  results*     In  a  communica- 
Ltjon  presented  t<>  the  American  Academy  of  Arts  and  Sciences, 
^May  10, 1S7Q,  and  published  in  the  prtjcec^dings  of  the  society,' 
LMr,  Bell  gives  a  somewhat  detailed  arn'ount  of  his  researches  in 
^telegraphy  up  to  that  date,     I  quote  from  this  paper  the  follow- 
;devScrii>tion  of  an  experiment  in  vocal  tnmsmission,  probably 
first  one  in  any  degree  saccessful,  which  appears  to  have 
[been  made  by  him  early  in  the  spring  of  1876,  and  is  of  great 
iaterest:  ' 

**  Two  single-pole  electro-magnets,  each  having  a  resistance  of 
en  ohms,  were  armnged  upon  a  circuit  with  a  battery  of  five 
carbon  elements.     The  total  resistance  of  the  cii"cuit,  exclusive 

i  See  |>Bp«r  rend  by  Prof.  BeU  "before  the  Soe.  of  Tel.  Eng-iimers,  »4ii  iib»tract  of 
wbich  maj  \m  loiui'l  iu  tUo  Tdeftraphk*  Jo^mal^  VmI.  V,,  p»  2t'<l. 

•  BoU— i^tMMcltiii^  o/AfMrican,  Aeadmtf  of  ArU  and  ScimMt,  Vol,  XII,,  p.  1. 
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of  the  battery,  was  al>out  twentv-ii\  e  olims.  Driim-lieacU  of  pf)13 
betitei's'  skill,  seven  centimetrcg  ia  diLUiteter,  wero  placed  in  Iron 
of  eax^h  electro-magnet,  and  a  circular  piece  of  clock-spring,  one 
centimetre  in  diiumner,  wa3  glnnl  to  the  miildle  of  earU  mem- 
brane. The  tt^lephonea,  80  cQHj:?tructed,  were  placed  in  different 
roorna  One  was  retained  in  the  experimental  room  and  tlie 
other  taken  to  the  basement  of  an  adjoining  house.  Upon  sing- 
ing into  the  telephone,  the  tones  of  the  voice  were  reproduced  by 
the  instrument  in  the  distant  rtx>m.  When  two  pei-^iona  gang 
simultaneously  into  the  instrument^  two  notes  were  emitted  sitn- 
ultaneously  hy  the  telephrme  in  the  other  hou^sa  A  fincnd  wriB 
sent  into  the  adjoining  building  to  note  the  effect  produced  by 
articulate  gpeech.  I  placed  the  membrane  of  the  telephone  near 
my  moutlt^  and  uttered  the  sentence ;  *  Do  you  understand  what 
I  say?*  Presently  an  answer  wfis  returned  through  ih^  irtstru- 
ment  in  my  hand  Articulate  words  prueeeded  from  the  clock- 
spring  attachnl  to  the  membrane,  and  I  heard  the  sentence: 
*  Y<.*^  ;  I  nnderst4iiHl  you  pcrfe<;tly/  The  aitieulation  was  some* 
what  muffled  and  indistinct,  although  m  this  case  it  was  intel- 
ligible. Familiar  quotiitions  were  generally  under8to<xl  after  a 
few  repetitions.  The  effects  were  n^jt  sufficiently  distinct  to 
admit  of  sustainai  conversation  through  the  wire.  Indeed|  as  a 
general  rule.  t!ie  articulation  was  unintelligibk^,  excepting  when 
familiar  sentences  were  employed.  Occasionally,  however,  a 
sentence  woidd  come  out  with  such  startling  distinctness  as  to 
render  it  difficult  to  believe  the  speaker  was  not  close  at  hand." ^ 
There  is  reason  to  supp(3se  that  Bell  had  fomied  some  idf^a  of 
the  ]K)ssibilit3^  of  this  result  a.s  early  as  1874,  although  its  practical 
excmphiication  does  not  appear  to  have  taken  place  until  shortly 
before  the  date  of  the  paj^er  from  which  the  al>ove  extract  is 
takcru  It  will  be  observed  thiit  his  method  diffei-s  fi*ojii  that  of 
Gray,  inasmuch  as  the  latter  varies  the  resistance  in  the  ciivuit 
without  changing  the  clectmmotivo  force,  while  Bell  varied  the 
electromotive  force,  the  i-esistance  remaining  constant     The  bat- 


1  Ibid*,  VuL  XII.,  i>,  7,     Si?C5,  alsu^  Tehgratjfh  Jotintal^  vol.  V.,  p,  i:T7» 
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teiy  current  served  no  other  purpose,  in  Bell's  experiment,  than 
to  permanently  magnetize  the  soft  iron  cores  of  the  electro- 
magnet, while  the  magneto-inductive  waves  were  superposed.  In 
September,  1876,  Prol  A.  E.  Dolbear  substituted  a  permanent 
steel  magnet  for  the  electro-magnetic  arrangement  previously 
employed  by  Bell,'  and  the  instrument  thus  improved  is  now 
going  into  very  extensive  use.  Its  articulation,  while  distinct,  is 
not  very  loud,  although  sufficiently  so  in  a  well -constructed 
instrument  to  admit  of  lengthy  sustained  conversations,  without 
the  slightest  misunderstanding  or  repetition.  Of  course,  it  is  not 
to  be  expected  that  the  loudness  of  this  form  of  telephone  can  be 
increased  very  greatly  beyond  its  present  volume,  for  we  can  at 
best  only  get  from  it  the  mechanical  equivalent  of  the  human 
voice,  deducting  the  loss  inseparable  from  its  conversion,  first 
into  mechanical  motion,  then  into  electricity,  then  into  magnet- 
ism, and,  finally,  back  again  into  motion.  The  most  striking 
results  are  to  be  looked  for  in  the  direction  first  pointed  out  by 
Mr.  Gray,  for  the  reason  that,  if  an  effectual  method  of  con- 
trolling the  resistance  of  the  circuit  by  means  of  a  vibrating  dia- 
phragm can  be  discovered,  the  source  of  power,  which  in  this 
case  is  the  battery,  may  be  augmented  to  any  required  extent 
It  is  not  to  be  denied  that  the  problem  thus  presented  is  one  of 
exceeding  mechanical  difficulty ;  but  there  is  no  reason  to  suj)- 
pose  that  it  may  not  be  successfully  solved  It  is  to  the  develop- 
ment of  this  variety  of  the  speaking  telophone,  rather  than  to 
that  of  the  magneto-instrument,  that  inventors  will  find  it  most 
advantageous  to  turn  their  attention,  for  I  hazard  little  in  saying 
that  the  latter  has  already  reached  such  a  surprising  degree  of 
efi&ciency  as  to  leave  comparatively  little  more  to  bo  done  \vithin 
tlxQ  necessary  limitations  which  have  been  pointed  out 

*  Dolbear — *'  The  Telephone,"  p.  110.     (See  also  preface  of  same  work.) 


CHAPTER  Vm 

DOLBELVRS  TELEPHONIC  RESEARCHES.^ 

During  the  year  1854,  while  at  work  in  Allen  &  Thurbers 
pistol  factory,  in  Worcester,  Massachusetts,  -I  began  to  make  ex- 
periments in  electricity  and  magnetism.  I  introduced  at  that 
time  the  use  of  a  permanent  magnet  to  pick  up  the  small  ports 
of  the  locks  of  pistols  from  the  cases.  This  had  previously  been 
done  by  the  emi)loy^s  with  their  fingers,  which  were  often  made 
sore  by  the  nails  being  worn  off  too  short  The  magnet  was 
adopted  by  those  ha\'ing  that  kind  of  work. 

I  also  tried  to  make  a  perpetual  motion  machine,  whicli  should 
derive  its  power  from  pei-manent  magnets.  I  also  constructed 
a  trough  battery  of  six  cells,  with  which  I  tried  many  experi- 
ments. 

1855. — During  this  year  I  made  a  magneto-electric  machine, 
of  the  common  pattern  Wa.^  frequently  with  Henry  M.  Paine, 
who  was  then  trying  to  construct  a  succ*cssful  electromotor. 

1859. — Made  another  ma^j^neto-eloctric  machina  Also  in- 
vented a  steam  whittle,  which  was  designed  to  play  any  tunc. 
This  was  while  employed  in  Mason's  locomotive  works,  at  Taun- 
ton, Massachusetts. 

1861. — Invented  and  constructed  a  gyroscope  to  run  by  eloctro- 
niagnctLsm,  consisting  of  a  small  electro-magnet  revolving  be- 
tween tlie  poles  of  a  permanent  magnet,  shaped  like  the  letter  C. 

186-i. — Made  for  the  Oliio  Wesleyan  College,  at  Delaware,  0., 
a  large  compound  pennanent  mjignet ;  also  an  electro-magnet  for 
lecture  purposes  I  invented  a  magneto-electric  telegraph,  in 
which  the  current  of  electricity  was  generated  by  the  action  of  a 
]H'rmanent  magnet  when  thrust  into  or  withdrawn  from  a  hollow 
bobbin.    This  was  designed  to  move  a  needla    Also  proposed  to 


1  Abstruct  from  "  KoseurohcH  in  Telephony/'  by  Professor  A.  £•  Dolbatr,  of 
TulU  CoUet'C. 
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,ve  a  like  in&trument  at  the  receiving  station,  which  I  supposed 
uld  duplicate  the  movements  of  the  first  instrument     The 
ieiving  magnet  was  to  ]ie  furaislied  with  a  pen,  ami  tlius  regls- 
the  movements  of  the  tnmymitting  one.     I  siiw  that  the  move- 
nts of  the  second  would  of  necessity  be  pretnsely  like  those  of 
the  fir?tj  but  did  not  at  that  time  know  that  the  niDvement  of  the 
nd  would  be  so  feeble  as  it  actually  is.     1  tried  to  interest  a 
mber  of  persons  in  this  invention,  but  did  not  succeed.     As  I 
lad  BQ  means,  and  wits  working  my  way  through  college,  I  was 
mfielled  to  abandon  tho  project     It  will  be  seen  that  the  pnn- 
ple  of  the  present  speaking  telephone  is  essentially  involved  in 
this  invention  of  1864 

1867. — Invented  a  g^yroscope  to  run  by  electm- magnetism,  aiul 
hich  demonstrates  thi^  rotation  of  the  earth.  This  was  while  I 
as  a  student  in  Michigan  University  This  machine,  c<:m- 
ucteil  by  Ritchie,  was  exhibited  at  the  Centennial  Exhibition, 
1868.— Coudurtcd  a  series  of  experiments  tt>  determine  the 
[nuntity  of  matter  transferred  by  the  electric  spark.  The  plan 
rried  out  was  as  follows  :  One  thousimd  inch  spark-^  frt>m  an 
electrical  maehine  were  received  into  chemically  pure  hydro* 
chloric  acid  from  a  Ijall  of  eoppen  The  liquid  was  puide  blue 
>y  the  a^ldition  of  ammonia,  and  then  compared  with  a  st*"indard 
ilution  which  was  reduei*d  until  the  colors  of  the  two  were 
dged  to  be  alike.  That  gave  apprrjximately  the  transferred 
ipper  for  that  numl»er  of  s]»arkH.  The  same  plan  wiis  tried 
ith  iron,  silver,  lead  and  i^nme  other  sul>sLanccs,  using,  of  course, 
fferent  reagents  with  each.  ^ 

1870. — Discovered  that  the  so-called  magnetic  phantom  was 
iTuanently  magnetic ;  that  it  wtudd  place  itself  in  the  magnetic 
leridian,  and  in  all  respects  comjx»rt  itself  like  a  magnet 
1871  and   1872. — Made  qunntitative  measurements  of    the 
ungjttion  of  an  iron  rod  when  magnetized. 
This  was  done  by  lixiug  a  small  rnirror  upon  the  long  arm  of 


*  A  note  at'  Uiese  exj*enmmtU  was  publkhf^d  iii  tho  nuppletnt'nt  to  the  Ch«mi€al 
JRttAA,  in  tlie  wintor  ol  Ibilh-y, 
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a  lever  while  the  bar  acted  upon  the  short  ami-  A  beam  of 
light  was  projected  upon  the  mirror,  and  I'eflected  to  a  distance  J 
of  fifty  feet  The  angle  of  it^  displacement  then  a<lmitted  of 
convenient  measurement  Repeated  experiments  proved  thai 
the  result  of  the  magnetization  of  an  iron  rod  was  an  average 
elongation  of  y^  I  ^^-^  pnrt  of  its  lengtk 

I  tried  to  caiise  a  tine  ratchet-wheel  to  revolve  hj  a  recipro- 
cating motion  derived  from  this  slight  molecular  movement 
making  and  bi^akiiig  the  ei  remit  with  au  interrupter. 

1872. — Made    some  very  large  forks,  cxipable    of   \ibratingj 
strings  twenty  feet  in  length,  for  chiss  demonsti-atioa 

1873. — Made  some  large  tuning  forks  for  projecting  sound- 
cur\'es  uptjn  a  screen ;  also  discovered  a  method  of  very  much 
amplifying  these  vibrations,*  A  pair  of  these  forks  was  ex- 
hibited at  the  Philadelphia  Exposition,  At  the  same  time  in- 
vented an  attachment  to  the  whirling-table,  for  accomplishij 
the  same  thing.* 

Discovered  convertibLlity  of  sound-vibrations  into  electricity. 
Using  a  tmiing  ft)rk  in  connection  with  a  thermo*pile  and  gal- 
vanometer, I  nijtieed  that  when  the  fork  vibnited  the  needle  was 
deflected,  Fuither  observed  the  effect  of  a  vibrating  tuning  fork, 
which  wan  also  a  magnet,  upon  the  current  from  a  thermo-pila 

At  the  Portland  meeting  of  the  American  Association,  in 
1873|  read  a  short  paper  in  regard  to  the  first  of  these  experi- 
ments, whicli  I  thought  wiia  new;  but  said  notliing  about  the 
second,  as  I  considered  it  w<\s  only  a  pin-ticnlar  case  of  magneto- 
currents,  which  were  well  knowtu  Nevertheless^  it  was  pre- 
cisely the  saine  thing  as  the  undnlatory  cuiTent  which  Professor 
Bell  claims  to  liave  invented  or  discovered. 

While  engaged  iu  making  a  manometric  flame  capsule,  I  in- 
vented the  opeidoscope.  ^ 

I  also  proved  that  the  sheet  of  ah*  issuing  fi\>m  a  sounding 


1  8eo  Journal  of  FhrnUtn  ImtUitU^  IS^S. 

*  Spo  prt>c«etling:«  of  Atnencim  Asaodailon,  1873. 

fl  Sco  Journal  of  Tf*aMin  IndUuiv^  IbTS, 
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>rgaii-pipe  vibrates  like  a  reecL     Tliis  was  done  by  filling  an 
>rgau  bellows  with  smoke,  and  examining  it  tlirougU  a  sti-obo- 
copic  disk  while  escaping  from  the  pipe, 

1876.— Commenced    my  inveijtigation   and    experiments    in 
telephony,  using  at  fet  a  Heknholtz  interrupter  and  electro- 
m^agnete.     Among  many  experiments  in  transmitting  speech  I 
tried  tliat  of  a  conical  point  of  iron  fastened  to  the  middle 
an  opeidoscope  membrane,  the  point  being  attached   to  a 
I  wire  in  such  a  manner  as  not  to  interfere  with  itti  freedom  of 
remeiit     This  jx^int  dipped  into  a  mereuiy  cup,  and  the  idea 
was,  that  inasmuch  as  the  jx^int  was  conical,  when  it  was  made  to 
.  advance  into  the  meremy  it  would  present  a  notably  larger  sur- 
I  iace,  and  tlms  lessen  the  resistance  of  an  electric  cimuitof  which 
[it  formed  a  part.     A  current  of  electricity  passed  through  this 
^ement  and  an  electro-magnet  caused  the  latter  to  sound 
ily  at  times,  but  it  wtis  found  tliat  the  mercury  bounded 
[away  from  the  point  when  the  latter  was  made  to  vibrate  rapidly, 
[and  so  the  plan  was  abandoned- 
Proposed  to  make  a  telephone  with  a  permanent  magnet 
baving  a  coil  about  one  pole  and  a  piece  of  wire  fixed  to  an 
Jopeidoscope  meinbrane,  to  be  vibrated  T)y  the  voice  in  front  of 
jthis   pole.      I   n^ed  thin   rul}ber  for  the   membrane,  and  was 
[trnuble<l  to  keep  the  iron  from  clinging  to  the  magnet  when 
brought  near  it 

Tried  paper  diaphragm  with  iron  on  it^  but  did  not  have  suffi- 
cient leisure  to  be  able  to  accompUsh  my  object  Meanwhile 
I  had,  whUe  singing  against  a  sheet  of  paper  held  in  both  hands^ 
felt  the  force  of  the  sound  vibrations  upon  the  paper,  and  con- 
cluded to  construct  the  telcplione  vibrating  armature  entirely  of 
>ii,  in  the  form  of  a  complete  plate  fastened  at  the  edges, 

ead  of  being  attache^l  to  a  tnemhrane  as  before. 
I  measured  the  distance  througli  which  I  could  get  a  signal 
rith  such  a  current     I  succeeded  in  doing  so  through  a  resist- 
'ance  of  fifteen  thousand  ohms. 

I  now  thought  of  obtaining  a  patent  upon  the  speaking  tele- 
phone with  permanent  magnets,  and  began  constructing  suitable 
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instruments  to  serve  as  a  patent  model,  but  before  these  instr 
ments  were  completed^  I  Wiis  infornied  thai  Professor  A.  Grab 
Bell  had  declared  that  ho  hiid  securtxl  a  patent  upon  the 
thing  two  or  three  years  before. 

On  the  12th  of  February,  1877,  Professor  Bell  gave  a  le 
and  exliibition,  at  &ieni,  Ka^  Within  a  day  or  two  I  calk 
upon  him  to  see  his  fixtures.  He  was  not  in,  but  his  assistant, ! 
Watvson,  showed  theni  to  me.  They  were  substantially  like  mine" 
I  invited  Messrs.  Watson  aad  Bell  to  come  to  College  Hill  and 
see  my  apparatus. 


J^.  122. 


Fig.  1S3. 


Mr.  Watson  said  Professor  Bell  wished  to  know  what  the 
resistance  of  the  hnnuui  body  was,  and  ajsked  if  I  could  meji^ure 
it.  I  promised  to  do  su,  and  in  a  few  days  sent  him  the  meas- 
urement of  the  resistanee  of  the  bodies  of  about  twelve  students, 
for  whii-h  I  received  a  letter  of  thanks. 

Aliout  the  fii'st  of  Mairh,  1877,  I  chanced  to  see  the  official 
gazette  of  the  Patent  Office,  containing  Professor  Bells  patent 
of  January  30tli,  1S77,  and  found  tliat  I  had  Vjeen  deceived  in 
regard  to  his  having  patented  the  application  of  peimanent  mag- 
nets to  the  telephone  previous  to  my  invention,  and  aecordingly 
went  to  consult  a  lawyer  about  it  I  was  considerably  dis- 
couraged on  account  of  his  statement  of  the  probable  cost  of 
an  attempt  to  secure  my  rights.  I  tried  to  luterciit  several  per- 
sons in  my  case,  but  without  success. 


TKH^SAB  ASdER'm  HIB  IimifTa 


m 


About  the  first  of  May  Professor  Bell  lectured  in  Boston^  and 

'  '    '     decliired  himself  t^>  })e  without  a  ajrapetitor,     I  at  once 

-;m1  Ilk  ^tatemeut,  informing  him  what  I  had  done;  yet 

contmaacl  to  reiterate  Ids  stat-enient  in  all  his  Bubsequent 

aturetc 

Iii  July  he  wrote  to  me  that,  as  he  was  going  to  Eurupe,  he 
rould  like  to  have  from  nie  a  statement  of  what  I  had  done  in 
clephuny,  since  lie  d<\sired  to  do  justice  to  all,  I  met  him  at  the 
of  GaiHrnur  (f.  Iliibbard,  Esq.,  in  Cambridge,  and  gave 


Fij,  vn. 


dm  the  particulars  of  my  work.     He  acknowledge*!  that  T  had 
lmvente<J  the  tc*leph()ne  independently  of  himst^lf. 

In  1877,  1  was  enuljled  U}  make  further  investigation  into  the 
oondi  lions  neeessaiy  for  the  telegraphic  transmission  of  speech, 
land  have  the  following  disicoveries  and  inventions  to  report  as 
|bo  n^sult  of  these  investigations: 
^  cushion  for  the  vibrating  diaphmgm,   by  which  greater 
itnde  of   vibration    is  ol>tained,  with  increa^sed   sonorous 
Telephones  made  i"    ^^*'^  way  have   been  h«-ard  one 

Irecl  anrl  fifty  feet  away. 

The  ftfJaptation  of  the  common  string  telephone  (lovera'  tele- 
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graph)  to  a  Morse  sounder  or  relay,  by  which  speech  may  1 
transmitted,  the  same  instrument  acting  either  as  receiver  or 
transmit  lex. 

That  the  strength  of  the  sound  is  much  more  dependent  upon 
the  strength  of  the  magnets  and  size  of  the  plate  than  upon  the 
diameter  of  the  wire  and  number  of  turns  upon  the  bobbi 
Some  of  the  h^udest  tones  have  been  obtained  with  bobbins  cc 
taining  but  two  or  three  ohms  of  number  28  wire. 


That  compound  msignets  are  much  bettcT  in  every  respect 
than  single  magnets,  and  the  com]>ound  U  magnet  is  the  best  of 
all  forms  which  have  been  tried. 

The  tuning  fork  call. 

The  devils  fiddle  ealL 

The  bell  call — falling  harmonic  belh 

The  paper  iliaphragm,  with  electro -magnet  armature.    See 
124. 

The  battery  teleiihone^  in  which  plates  of  two  difiereut  metals 


THK  SPKAKINO  ELKCniOPHOXK 

are  separaU^d  by  a  iion-conductor  in  siich  a  way  as  to  make  a 
shallow  cell.  When  a  soiuid  is  made  agmnst  one  of  these,  as 
dt  I^  fig.  125,  the  current  from  i\w  rcll  is  brukeii  up  into  waves 
prccit?<?Iy  like  the  movements  of  the  sound  wave^,  and  speecli 
in  rendered  remarkably  distinct  fmnx  the  employment  of  such 
II  sounder. 

The  electJx>phoBe  or  modified  Reiaa  telephone  (fig.  128).  In 
this  instrument  a  ring  ul  wood,  a  a^  has  a  plate  of  iron,  p^  screwed 
to  one  side  of  it,  tht*  plato  being  in  metallic  connection  with  a 
iscrew-cup  leading  to  a  battery.     TTpon  the  opposite  side  of  the 


if^.  126, 


ring  is  a  cross  arm  5.  through  which  passa**  a  screw  f  carrying  a 
point  wliitrh  niav  Iro  adjusted  at  any  icquired  distance  from  the 
plaie  p.  This  screw  $  in  also  in  metftlJic  connection  with  the 
other  terminal  cup. 

If  a  rather  weak  battery  of    t^vo  or  three  gravity  celk  be 

rut  in  circuit  with  this,  together  with  any  form  of  I'cceiving 

tme,  iuid  the  point  l)e  screwed  down  so  as  to  touch  the 

'     d  of  a  8rmnd  be  nnjde  in  the  ciivity  in  front  of 

.  ivuit  will  be  nin»lc  and  broken  the  number  of 

par  sf^'ond  duo  to  the  pitch  of  that  sound,  and  the  like 
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pitch  Will  be  given  out  by  the  receiving  telephone ;  the  loudness 
of  this  soyiid  will  depend  upon  the  ability  of  the  receiver  to 
respond  to  the  pulsations.  Tiie  tones  will  be  quite  loud  from  a 
Morse  sounder,  or  from  a  relay. 

If  the  point  be  drawn  back,  so  as  not  to  tonch  the  plate  at 
all,  and  a  drop  of  water  be  inseited  between  the  point  and  the 
plate,  and  talking  or  singing  he  resumed,  the  articulation  becomes 
remarkably  gcKxl,  thougli  the  sound  is  not  very  loui 

If  a  stmng  battery  of  fifty  cells,  or  more,  be  put  in  circuit, 
and  the  screw  be  turned  dowm  so  as  to  have  a  jumping  spark 
between  the  point  and  the  plate,  the  vibrations  of  the  latter  intm- 
duce  a  variable  resistance  in  the  air.  If  at  tlie  same  time  there 
is  a  strong  current,  the  result  will  be  very  loud  talking.  Indeed, 
it  w^ll  \)e  louder  at  the  receiving  than  at  the  sending  station. 
This  hiis  been  used  over  the  line^  between  Boston  and  New 
York,  and  between  Milford,  New  Hampshire  and  Bostoiu  In 
each  case,  every  person  in  the  room  could  hear  the  talking  from 
the  other  end  of  the  line.  In  this  device  it  is  foinid  best  not  to 
use  a  very  sharp  point,  but  one  having  a  surface  Uke  a  sewing 
needle,  with  about  one  eighth  of  an  inch  broken  off  from  the 
point  Such  a  one  gives  much  better  results  than  a  sharp  point, 
for  the  ob^'ious  reason  that  a  greater  quantity  of  electricity  can 
pass  from  such  a  surface  than  from  a  fine  point 

If  cleetrieity  of  high  tension,  hke  that  from  an  ordinary 
electriciil  machine,  be  used  instead  of  the  curi'ent  from  a  battery, 
the  result  is  the  same;  talking  is  possible,  the  articulation  is 
good,  but  the  tones  are  not  so  loud. 

Large  plate  for  a  call 

If  the  plate  be  made  a  foot  or  more  in  diameter,  but  mounted 
neai*  the  middle  concentrically,  the  magnets  and  bobbins  being 
the  same  as  usual  in  size  and  strength,  the  plate  may  be  struck 
with  a  billet  of  wo^kL  or  other  material,  and  the  thump  will  l>o 
very  loud,  as  heard  from  an  ordinarv'-  telephone ;  in  fact,  loud 
enough  to  be  heard  fifty  feet  aw  ay.  It  is  also  good  as  a  receiver 
call. 


1K3LBEA11S   PROJECTION   ATPARATUS. 


269 


AN   ATTACHMENT   TO    THE    WHIRLIXG    TABLE    FOR    PROJECTING 
LISSAJUU'S  cruvES. 

1  The  costliness  of  the  usual  appamtus  for  the  projection  of 
Lissajou  s  curves  ha^  led  me  to  Jevii^e  a  methot!  for  accomplisb- 
iiig  the  siixne  ivsults  in  a  comparatively  inexpensive  way,  which 
proves  in  other  ways  to  be  siii>erior  to  the  method  with  \nbrating 
forka 

It  consists  of  the  following  attiichment  to  the  whirling  table ; 


Two  posts,  p  and  p\  are  made  fast  to  the  frame  upon  the 
opposite  aides  of  the  inertia  plate  a.  A  small  woiiden  pulley,  f 
(fig.  127)  about  an  inch  in  diameter,  m  made  to  turn  upon  an 
axis  that  is  made  fast  in  the  post  p,  and  with  such  adjii^tmeut  that 
the  pulley  rests  upon  the  plate  a  and  tarns  by  friction  on  that 
plate.  It  is  best  to  have  a  thin  india  rubber  ring  upon  the  fric* 
tion  pulley,  to  insure  it  from  slipping.  Above  the  pulley,  the 
mirror  vi  m  bo  mounted  as  to  swing  in  azimuth,  and  is  made 
to  do  this  by  a  wire  fa^stcncd  to  it  at  its  hinge  and  bent  into  a 


>  By  A.  E-  Bnlbear,  of  Bethany,  W.  Vii.    Frfun  tlie  Proct^ediu^ft  of  the  Amenooti 
AsaocLAtiou  for  tke  Advanoemctit  of  Sokiic»)<    Portland  meeting,  August,  1^79. 
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loop  /,  at  its  lower  end,  which  is  opposite  the  face  of  the  piiT 
s  (lig.  128).     Another  twLst  in  the  wire  at  o  will  be  neetiecl, 
a  pin  which  is  fast  in  the  post  p.     This  will  make  a  lever  ( 
the  wire  ?,  with  the  fiileruiii  at  o,  and  if  it  is  properly  fastens 
to  the  hinge  of  the  mirror,  will  cause  it  to  vibrate  in  a  hori^oata 
plane  when  the  jjlate  a  revolvea 

A  somewhat  similar  arrangement  ia  made  for  the  other  sid 
save  that  the  fnction  pulley  «'  has  its  bearing  made  fast^  in 
separate  piece  c,  which  is  so  fastened  to  the  end  of  a  long  scr 
rf,  that  the  whole  fixture  can  be  movetl  to  or  from  tlie  a^otre  « 
the  plate  a,    Tlie  piece  c  is  furnished  with  two  guides,  which  ke 
it  steady  in  any  place  whci*e  it  is  put     The  mirror  mf  ia  mad 
to  tilt  in  a  peqiendicular  plane  by  an  arrangement  quite  similar 


J^.  128. 


to  the  former  one^  save  that  the  wii*e  connection  has  its  lower 
end  Ijent  into  a  horizontal  la *p»  through  which  a  pin  in  the  fac 
of  the  pulley  s^  is  thrust     This  is  practically  an  eccentric,  an 
being  (.lirectly  fastened  to  the  hinge  of  the  mirror  77i',  give^s  to 
an  angular  motion  proi>ortional  to  the  distance  of  the  pulley  fa< 
pin  from  the  centre.     The  mirrors  should  be  not  less  than  tv 
inches  square.     If  then  the  pin  is  an  eighth  of  an  inch  from  tl 
centre  of  the  friction  pulleys,  they  will  have  ample  angula 
motion,  much  hirgcr  than  can  ever  be  got  from  forka. 

It  is  evident  that  if  the  two  frk*tiou  pulleys  have  ecjual  tlia- 
meters,  and  they  are  at  equal  distances  from  the  centi-e  of  th 
plate  Oj  they  will  vibrate  in  unison  in  their  respective  plane 
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Now  let  a  beam  of  light  ?•,  from  the  potle  Intjii^m,  fall  upon  the 

mirror  m  at  such  an  angle  as  to  be  reflected  first  upon  the  niijTor 

n\  thence  to  the  screen.     If  the  plate  a  is  now  revolved,  the 

beam  of  light  will  deseribe  a  cLrtde,  an   ellipse  or  a   straight 

line,  either  of  which  can  be  made  at  will  by  simply  adjusting 

the  cnmk  of  one  of  the  niirroi^  to  the  i-eriuircd  angle.     Thus, 

fiappc»se  the  miiror  m'  is  tipped  back  its  farthest  by  bringing  the 

pulley  pin  at  the  top,  as  indicated  in  the  drawings  at  the  siime 

fime  that  the  mirror  m  is  at  its  maximum  angular  deviatioiL 

rtic  beam  of  light  will  describe  a  circle. 

If  it  TDoves  slowly,  the  path  and  direetion  of  the  moving  beam 
Gs^^^n  be  nicely  observed.  These  two  advantages  ai*e  not  to  he 
i^-^^d  with  forks;  for,  first,  it  is  aceidentiil  if  one  ^is  a  circle  or 
SL:xr:M^y  other  desired  resultant  figures  from  forks  in  unison,  for  the 
<'>"fc:r»vious  reason  that  the  phasej3  cannot  be  regulated  :  and  second, 
tt^»_  «  vibrations  of  the  forks  are  so  rapid  that  the  analysis  of  the 
tmr:*^  otion  can  only  be  made  in  a  mechanico-nmthematieal  way. 

By  moving  the  fixtures  on  the  left  side  toward  the  centre  of 

tfcz*.^  plate  a,  the  pulley  s'  will  not  rc\^olve  so  fast     If  moved 

lB..^^.lf  way,  it  will  make  one  revolution  while  the  other  makes 

t^^i^o,  an<l  the  vnbrationa  stand  in  the  ratio  1  :  2,  represented  by 

f<i>iks  in  CM^tave,     Such  ratio  is  sliown  upon  the  sr-reen  by  a  form 

^^^^ry  much  like  the  figin-e  8,  and  known  as  the  lemnisc^^ite. 

Ritween  these  two  places,  every  musical  ratio  in  the  octave 
<^^n  be  got  and  the  resultant  motitnia  projected  in  their  proper 
oxiTves.  More  than  that,  while  tlie  mirroi-s  are  both  vibrating,  any 
*">f  the  ratios  desired  can  be  moved  to  at  once  by  merely  turning 
^be  thumb  screw  cf,  which  is  wholly  impossible  with  any  forks, 
^^liich  I'equire  stoppage  an*l  adjustment  of  lugs  for  each  different 
curva 

-A.gain,  if  the  iixture  c  is  movetl  still  farther  towanl  the  centre 

than  half  way,  the  curves  pmjected  will  be  those  belonging  to 

tile  second  octave,  until  the  pulley  reaches  three  fourths  of  the 

\vay^  when  the  nitio  will  he  1 : 4,  and  the  resultant  figui-o  will 

■         ^  like  a  mticii  flattened  double  eight 

I  If  one  would  show  the  phenomenon  of  beats,  it  will  be  neces- 
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sary  to  have  the  mirror  m  and  its  att<"icbraent  so  adjusted  na  to 
have  it  vibrate  in  a  perpendicular  plane  like  m\  This  caiil»e 
done  by  fixing  its  hinge  at  right  angles,  and  the  rest  the  saou* 
as  for  mirror  m\  The  reflected  betirn  from  the  second  mirror 
may  be  received  upon  a  large  mirror  held  in  the  hands,  and 
thence  reflected  upon  the  wall  or  screen.  All  the  phenomena 
of  vibrations  that  can  be  shown  by  forks  can  be  I'eproduced 
on  a  scale  that  is  not  approaclied  by  means  of  them,  by  any 
one  posaessing  a  turning  table,  and  at  less  than  the  fifth  of  their 
cost 


OK  THE   CONVERTIBILITY   OF   SOUND    INTO   ELECTKICITT- 

1 1  have  found  by  experiment  that  if  a  \'ibratijig  tuning  fork 
have  its  stem  apphed  to  the  face  of  a  thermo-electric  pile  wljich 
is  in  circuit  with  a  delicate  galvanometer,  the  needle  will  l>e  de- 
flected, allowing  that  electricity  lisxs  been  developed  in  the  pile. 
The  qucistion  is  as  to  its  immediate  origin.  It  may  be  assei-ted 
that  the  vibrations  of  the  fork  arc  competent  to  develop  heat^ 
which,  in  its  turnj  is  converted  into  electricity,  so  that  its  appear- 
ance is  a  secondary  phenomenon*  To  this  explanation  counte- 
nance is  given  by  the  experiment  of  Professor  Henry,  who  found 
that  the  deadening  effect  of  a  rubber  cushion,  when  the  stem  of  a 
vibrating  fork  was  put  upon  it,  was  due  to  the  fact  that  the  vibra- 
tions were  converted  into  heat  But  the  vibrations  am  not  no- 
ticeably deadened  in  the  former  case,  and  the  junction  of  the 
metals  is  subject  to  definite  and  measurable  vibrations. 

The  antecedent  to  the  production  of  electricity  is  the  contact^ 
either  mediate  or  immediatje,  of  substances,  which  differ  in  compo- 
sition or  in  condition,  and  if  electricity  is  a  mode  of  motion,  ii 
ought  to  appear  whenever  a  motion  may  be  set  up  at  such  point 
of  contiujt  as  mutually  to  disturb  the  moleenles  of  the  differently 
otmstituted  matten  That  tlie  vibrations  of  the  fork  are  compe- 
tent to  do  this  without  necessarily  giving  rise  to  the  phenomenon 

1  By  A.  E-  Bolbflttr,  of  Bctliuiiv^  "W*  Vu.  From  thn  Proceeding*  of  tha  AmerioBn 
AMOoiMtiou  for  tho  Advumj^jtu^nt  of  Soieuoe.    Portlaud  laeotlog^  Au^iut,  l^T^t 
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of  heat,  may  fairly  be  inferred,  I  think ;  so  that,  a  priori,  one  should 
look  for  electric  phenoraeoafrom  such  a  combination  of  favorable, 
oonditions.  At  any  rate,  it  will  hardly  be  asserted  by  any  one 
'tOiat  because  the  electricity  is  generated  in  the  thermo-pile  its  im- 
xnediate  cause  must  be  heat  I  do  not  know  that  it  has  ever  been 
jDToved  that  heat  motion  was  the  only  kind  of  motion  that  was 
c^apable  of  direct  conversion  into  electricity  in  the  so-called 
tihermo-pair.  It  is  probable  that  the  more  general  statement  is 
tmie,  namely,  that  molecular  distiu'bance  at  the  junction  of  dis- 
similar metals  will  give  rise  to  electricity. 

We  know  that  the  molecular  disturbance  called  heat  will  give 
yrise  to  it,  and  it  is  not  improbable  that  the  disturbance  caused  by 
a  r^ularly  vibrating  tuning  fork,  may  do  the  same  thing  directly. 
"My  experiment  does  not  prove  that  such  is  the  case,  but  it  hints 
at  it,  and  I  offer  these  considerations  to  meet  the  objections  of 
some  who  take  it  for  granted  that  it  cannot  be  true  that  sound 
vibrations  are  really  converted  into  electricity,  except  in  an  in- 
direct way.     This  is  capable  of  verification,  I  do  not  doubt,  but 
I  have  not  had  time  to  apply  the  experimentum  crucis,  as  the  idea 
did  not  occur  to  me  until  a  day  or  two  ago,  and  I  bring  it  to  the 
association  as  an  interesting  experiment,  whatever  its  rationale 
maybe. 


CHAPTER  IX 


IMPBOVEMENTS  OF  CHA>^NmO,  BLAJCB  AJTD  OTHKB& 

In  the  winter  and  spring  of  1877  a  notable  series  of  experiments 
were  made  by  a  few  scieutilicgentlumen  in  Pix>vidence,  K,  L,  whicli 
resulted  in  rnzd^ing  the  telephone  };>ortablt\  and  iii 
clistinol  artieulatii^u.      Evt;rj  »U^p   liuuling  to  tli' 
results  was  communicated  to  Pn^t  Bell,  and  the  princij)«il  im- 
provements thus  originating,  e8i>ecially  the  handle  it  t 
and  the  mouth-pic(*e,  were  at  onee  adopted  by  hiiu,  :              u 
part  of  what  is  now  commonly  known  as  the  kmdie  telephone- 
In  Mairh,  1877^  the  speaking  telephone,  in  '                            A 
form,  consisted  of  a  box  resembUng  a  phoUigrajii-^     -    ^     ^^     .Mi 
a  two  inch  tube  for  mouth-picc©.  opening  into  a  cavernous  air. 
chanib«>r  in  fn»nt  of  a  plate  of  sheet  iron  alx>at  4ri 
diameter.     Behind  thi^s  plate  wa^  a  large  U  nnignet,  wi;..  ,. 
iron  core  clamped  to  ea«ih  pole,  surrounded  with  a  spool  of 
insulated  wire.      These  instiiimenta  were  unwieldy, 
articulation  defective,  for  three  reasons:  Fir»t>  the  m^^,.-.  |' 
did  not  converge  the  air  on  the  c«?.ntre  of  the  plate,  and 
eavernoujs  air  ehaml)er   pnxlueed    reverberation;    aeeond* 

ijaaagnet  did   not  reAct  symmetrically  with  t^  "  ***-  -^f 

P|)late,  but  the  two  poles  or  cores  of  the  U  im. ^  w 

the  parts  of  the  plate  which  were  opixjsite  to  them  on 
of   the  centR*;    third,  the  plate  was  ton  '-    -     nnd   ailu^j 
nt*spund  perftxHly  and  j)rompT.ly  to  the  avt  »*. 

Experiments,  commencing  in  the  physiciLi  labf>r.i  li 

[lTiiversitT,iuul  C43ntinued  8t!Veni1  I         '     '      !*     ' 
^mf.  Jnhn  Peiree,  and  t^then*,  culi 
stmction,  by  Dr.  William   R  Chan 

Lttilephone,     Thl.'^ 

rt^»  each  other  at  r  I 
anil  holding  a  fefrotype  plate,  2f 
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apponing  a  compound  U  magnet  (mado  of  two  three  ineli  toy 
leta)  witli  a  single  soft  iron  core,  carrying  a  spool  of  fine  insu- 
Mefl  wire,  clamped  to  one  of  its  poles  and  opposed  to  tlie  centime 

the  fermtype  plate.  The  otIit*r  pole  of  the  etnn|Mnind  magnet 
tnB  either  brought  in  ex^ntact  witli  the  outer  edge  of  the  plate  or 
left  fnx*. 

Thia  little  instrument,  weighing    about   twelve  ounces  and 

Rily  held  in  the  hand,  es|>ecially  when  mounted  on  a  handle^ 
liked  nii>re  diKlinctly  than  the  large  instruments^,  even  over 
5ng  circuits,  though  not  quite  so  loud.     It  wus  followed  later 

Ajiril  by  a  telephone  matle  by  Prof.  Peircc,  in  which  a  small 
impound  U  magnet  wa8  encloi^ed  in  a  cubical  block  of  wix>d, 

the  top  of  which  he  placed  for  the  first  time  his  converging 
:)tifith-pic<^ — an  acoustic  appanttus  which  deserves  special  de- 

iption. 


This  is  r^nnwu  m  ycction  hi  fig.  129.     The  sound  wave.^  cnn- 

ergiJ  uj^Kju  ihe  eeriti-e  of  the  plate  through  the  apertui-e  </,  usually 

Jjout  ^\  inch  diameter. 

Ti  1  waves  alpo  spread  symmetrically  from  the  centre, 

nd  'H  the  plat^  through  the  very  flat  air  chamber  6  i. 

To  pre%'ent  resonance  and  ensure  the  prompt  response  of  the 

M'^  air  chamber  is  usually  made  only  from  ^  to  y^  inch 

^   I),  and  about  If  inches  in  diameter  when  a  ferrotype 

!  (c  c)  is  used,     Thi^a  mouth- piece  made  distinct  and  natural 

Me  artictdation  of  the  telephone. 

A I  1         Peiree'a  mouth -piece  was  made,  Prof.  Bell 

i  Airived  at  the  discovery  that  the  instruments  talked  better 

'Ually  made  deeper  than  that  shown  in  fig. 

»vMw*r      T^A   reason  will   be  sufficiently 


THE  SFEAONG  TELEFHOKE. 


Prof.  Peirce's  upright  block  was  followed  naturally  by  the 
'*  handle  telephone,"  now  in  general  use,  which  was  made  by  D5 
Cbanning  early  in  May,  1877.  Figa  150  and  131  show  both  a  i 
tional  and  perspective  view  of  the  instrument  In  this  a  sma 
straight  magnet,  simple  or  compound,  carrying  a  single  soft  ir 
core  and  spool,  is  enclosed  in  a  light  and  elegant  handle,  and  1 


Fig,  130. 

ferrotype  plate  is  mounted  in  the  circular  head,  of  which  the 
mouth-piece  forma  part  The  design  and  style  of  the  instrument 
is  d lie  to  Mr.  Edson  S.  Jones,  another  of  the  Providence  experi- 
menters. 

After  a  competitive  test  with  the  l>ox  telephones,  sis  at  tba 
time  made,  tlie  handle  telephone  was  adopted  and  sent  out  earlj 


in  June  by  the  Telephone  Company;  and  its  portability,  ele- 
gance and  superior  articulation  contributed  largely  to  the  rapid 
diffusion  of  the  telephone  in  this  country  and  in  Europe  which 
immediately  followed. 

Pfof.  Bell  was  familiar  with  the  preceding  Providence  expeii 
ments  wliich  had  already  made  the  telephone  portable,  aa( 
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which  suggested  the  handle  form.     In  May,  shortly  after  the 
congstniction  of  the  handle  instniment  in  Providence^  and  before 

^it  reached  Bostf>n,  Prof.   Bell,  working  in  the  same  direction^ 

lad  put  a  U  magnet,  each  jiole  armed  with  a  core  and  a  spool, 

inside  of  a  handle.     The  instrument  was  too  cumbrous  and 

^inelegant  for  adoption,  as  well  as  deft^ctive  in  construction. 
hot  Bells  desire  to  |)ut  both  p^le^  of  the  magnet  to  vi.^^ible 
use  was  especially  unfortunate  in  this  case,  as  the  smal&ess  of 
the  plates  in  the  portable  telephones  makes  it  impossible  that 
the  two  poles  of  the  U  magnet  should  act  anywhere  near  tlic 
centre  of  the  plate.  The  instrument  was  not  adopted,  and  it 
could  not  have  accomplished  for  the  diffusion  and  commercial 
success  uf  the  telephone  what  was  done  by  the  original  handle 
instrumcTit 

Yet,  with  no  other  basis  than  this  experiment,  Prof,  Boll, 
in  his  lectiire  in  London,  before  the  Society  of  Telegraph  En* 
gineers  (see  page  76),  says ;  "  Two  or  three  days  after  I  had  con- 
structed a  telephone  of  the  portable  form,  containing  the  magnet 
inside  the  handle.  Dr.  Channing  was  kind  enough  to  send  me  a 
pair  of  telephones  of  a  similar  pattern,  which  had  been  invented 
by  the  Providence  experimenters."  As  alremly  stilted,  the  in- 
strument thus  refeiTcd  to  is  an  accurate  representation  of  the 
handle  telephone  of  I>n  Channing  and  Mi'.  Junes,  w^hich  has  had 
so  wide  a  career,  and  differs  broadly  in  type  from  the  ex})eri- 
mental  instrument  of  Prof.  Bell,  whicli  never  passed  into  use. 
Prof.  Bellj  in  the  above  extmct,  not  only  claims  the  origination 
of  the  handle  telejjhone,  wliich  has  gone  round  the  world  and 
has  a  recognized  place  in  the  history  of  spe^iklng  telephony,  Init 
he  also  implies  that  he  gav^e  to  the  telephone  portable  form, 
thus  ignoring  one  of  the  principal  contributions  of  the  Provi- 
dence experi  men  te  r's- 

It  happened  witli  the  telephone  as  with  the  Moi'se  telegi-aph. 
In  the  beginning  it  was  supposed  that  the  power  of  the  instru- 
ments was  pmportioned  to  their  size.  Later  experiments  have 
shown  in  both  that  luoixi  delicate  instnujients  are  the  most 
effective^ 
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It  will  Ije  observed  that  Professor  Bell  is  criticised  hcrG,  m 
for  claiming  that  he  had  made  a  ?ti'aight  magnet  telephone^  h 
for  claiming  this  m  eombinatioR  with  the  handle,  and  ^ifun 
this  combination,  which  constitutes  the  wgU  known  handle 
strmnent,  as  his  own.     His  ivslI  claim  is  to  tlie  independei 
experiment  of  putting  a  U  magnet  in  a  handle,  subsequent  to 
the  constniction  of  the  genuine  handle  instrument  in  Providen* 

Another  practical  result  obtainetl  in  Providence  as  earlj 
June,  was  the  glass  plate  telephone  of  Henry  W.  Vauglian,  St 
assaycr.     A  disk  of  soft  iron,  about  the  size  and  shape  of  a 
mckel  cent,  was  cemented  wnth  shellac  to  the  centre  of  a  ve; 
thin  glass  plate,  2^   inches   in    diaiaetcT,     This,   with  Pein 
mouth  piece  and  the  usual  magnets,  gave  the  loudest  and  clej 
est  articulation  attained  at  that  or  at  a  later  time,  and  may 
the  germ  of  important  impmvemcnt.s,    Mr.  Vaughan  also  ma« 
before  the  telephone  had  been  seen  in  France,  what  has  sim 
been  described  as  tlie  multiple  telephone  of  M.  Trouvd     In  this 
teleplione,  plates  form  the  sides  and  ends  of  a  cubical  or  poljr^ 
hedral  chamber,  a  magnet  and  coil  being  beliiod  e^cL  plate. 

Among  other  scientiiic  observations  with  the  telephone,  P: 
Peirce  heard  the  auroral  sounds  earlj  in  the  summer  of  18 
and  Dn  Chaninng  noticed  the  cliaracteristic  telephonic  sound  of 
lightning,  even  when  distant,  preceding  the  \"isible  flask   Prof,  E. 
W*  Blake  made  tlie  capital  experiment,  imperfectly  reported  i 
Prof.  Bell's  lecture,  of  substituting  a  soft  iron  bar  for  the  magm 
of  the  telephone.    Whenever  this  bar  was  turned  in  the  directi 
of  the  dipping  needle,  the  telephone  would  talk  by  the  earth' 
magnetism;  but  when  swung  up  into  a  position  at  right  a iigl 
with  the  dipping  needle,  tlia  telephone  bee^mie  perfectly  sileal 
Pro£  Blake  also  talked  with  a  friend  by  telephone  for  a  shoj 
distance,  using  the  pamllel  mils  of  the  same  raih-oad  tmck  as. 
conductoi^  and  hearing  at  the  same  time,  by  induction,  %] 
Morse  operating  from  tlie  telegraph  wires  overhead.     This  ill 
trates  the  apparent  indiilereuce  of  the  telephone,  at  times, 
insulation.     Prot  Blake  also  originated  the  responsive  tu 
forks,  in  which  two  forks  of  the  same  musical  pitch  are  mngn^ 
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!;  a  stiort  iron  core^  stirmunded  with  a  spool  of  vni%  U  8up- 

:>rted  betweea  tlie  ]>oltJs  or  prongn  of  each.     The  yviveB  being 

onnectei  if  one  timing  fork  is  struck  the  other  respondn  at  a 

iiJtAnce. 

The  names  of  Messrs.  Louis  W.  Clarke  and  Charles  E.  Aiistin 

lould  l^e  mentioiunl  among  the  cnrps  of  PruviJence  exjieri* 

nenti*!"^  us  contnhuti:)r8  to  tfiis  chui>ter  of  telephonic  progress. 

*  With  the  ohjeet  of  Btiinulating  inquiry  into  tbo  means  of 

1  proving  the  telephone,  which  is  the  most  be^utilal  adaptation 


Fig,  133. 

^f  tdography  ever  made,  I  desire  to  draw  attention  to  a  few 
Viods  by  which  any  one  nia>^  satisfy  himself  of  ltd 
y  ;  for  no  one  having  witnessed  hs  performance  can 
fail  to  mo  a  great  future  befoi^  it 
Ti  rder  of  Sir  W,  Tliomson,  shown  in  tig,  132,  aflfords  a 

«L  s  of  s])eaking»  and  givea  out  such  clear  tx^nes  aa  to 

ie  llic  listener  at  first  imroluntarily  look  behind  the  instru- 
r  the  speaker  (who  may  be  miles  away).     It  sufficea  to 

tiMS.    J6mi^  StHtitify  IVtffi^h  £ti^nmri,    No».  XV.  and  XTI.    1877. 
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take  a  tube  two  inches  in  diamet^r^  and  stretch  over  one  end  a 
menibrane  of  parcbnietit  or  tbin  gutta  pcrcba  (tbo  latt43r  is  ](^ 
affected  by  the  breath,  the  former  becoming  somewhat  flaccid 
aft-er  a  time).  To  the  centre  of  the  membrane  eenieat  a  straw, 
and  fix  the  tube  in  front  of  the  instrument,  alxmt  six  inches 
from  the  movable  coil  b;  cement  the  other  end  of  the  straw  to 
the  coil  at  the  pttintwliere  the  silk  fibre  k  is  iisuaDy  fixed.  This 
iy  all  that  is  necesHJiry  for  both  speaking  and  receiving.  Six  or 
eight  c^lls  of  battery  connected  in  circuit  with  the  electix>mag' 
nets  suffice  A  pair  of  these  tubes  may  also  bve  connected  in  a 
similar  manner  with  the  tongues  of  two  polarized  relaya  The 
tube  is  to  be  fixed  in  a  convenient  position,  at  right  angles  to  the 
tongue,  and  the  free  end  of  the  straw  cemented  to  the  toogne, 
taking  care  that  the  latter  is  free  from  its  ordinary  contact 
points.  No  battery  is  retjuired  for  speaking  with  this  arrange- 
ment 

Or  a  pair  of  these  speaking  tubes  may  be  connected  with  the 
ordinary  armatures  of  any  instriunerit  or  relay,  and  a  current 
kept  on  the  line.  The  armature  should,  however,  not  be  too 
heavy,  and  should  be  carefully  adjusted.  The  best  adjustment 
gives  the  loudest  sound.  In  sending,  be  careful  that  the  arma- 
ture in  vibrating  doejs  not  tolich  the  cort^s  of  the  electro-magnet 

A  plate  of  thin  iron,  sucli  a^  m  used  for  stove  pipes,  fixed  to 
an  upright  board,  the  latter  hollowed  out  on  the  side  on  which 
the  plate  is  fastened,  and  a  hole  made  in  the  board  in  front  for 
inserting  a  eonvenieut  tube  for  speaking,  may  be  used  as  an 
armatm-e,  and  a  pair  of  coils  placed  in  front  of  the  iron  plate 
through  which  a  current  from  a  battery  is  flowing,  the  cores  to 
be  adjusted  as  close  as  possible  to  the  ]>late ;  this  answers  for 
sending  and  receiving.  The  battery  need  not  be  strong;  if  it 
be  so,  the  armatures  have  to  be  removed  further  away  from  the 
coiLs.  On  a  short  line  the  resistance  of  the  coils,  with  a  suitable 
battery,  is  of  little  imimrtance.  I  have  spoken  as  well  with  small 
coils  of  three  ohms  as  with  400  ohms. 

If  a  pair  of  colls  at  the  receiving  end  be  placed  on  a  violin, 
and  connected  to  the  line  on  which  there  is  a  permanent  cuireiit 
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id  a  seDding  instnuiient  ns  described^  smgingand  speaking  into 
ic  tube  at  the  distant  end  can  be  heard  by  placing  the  ear  t^i 
'the   violin.     The  effect  is  exalted  by  laying  a  plate  of  iron  oa 
^tlie  poles  of  the  electro-magnet. 

By  these  simple  means — and  they  are  selected  as  being  within 
>  tJie  reach  of  many — may  be  deinonsti-ated  the  possibility  of 
I  speaking  over  miles  of  telegraph  line.  The  sound  of  the  voice  in 
I  ^the  tube  is  not  that  of  a  whisper,  bnt  of  a  voice  at  a  distance : 
o.tid  the  nearer  you  seem  to  bring  the  sound  the  better  your 
adjustment,  and  vice  versa. 
I  I  have  spoken  through  four  knots  of  buried  cable  without 

^■lensible  diminution  of  effect 

^^  When  the  instrmnents  arc  not  well  adjusted,  some  words  will 
^csoine  clear  when  others  do  not ;  and  1  have  found  the  sentence, 
^■^jre  you  ready?  pronounced  deliberately,  intelligible  when 
^Kthers  were  not 

^V    The  object  to  be  sought  for  is  to  augment  the  strength  of  the 
^'ariations  of  cun-ent     At  present  it  is  limited  by  the  power  of 
le  voice  to  move  an  armature  or  coil ;  and  unless  it  can  be 
lified  by  putting  in  play  a  reserve  of  force,  as  compressed 
|tfr«  etc.,  improvement  cannut  go  far. 

The  most  hopeful  field  seems  to  be  the  effecting  a  variation, 
through  a  sensible  range  of  resistance  at  the  sending  end,  to  vary 
the  strength  of  current  in  a  primary  coil  by  shunting  or  varying 
the  resistance  of  a  battery  circuit ;  as,  for  example,  a  fine  wire 
inserted  more  or  less  in  mercury. 
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During  five  evenings  in  the  latter  part  of  August  and  fli-st 
of  September,  1877,  performera  stationed  in  the  Western 
^lion  building  in  New  York,  sang  or  pUiye^l  into  an  Edison 
tnisical  telephone,  actuatetl  by  a  powerful  battery,  and  con- 


t  Abstract  frnim  a  <*ornmuniL*ation  frtmi  Dr.  WiHiaiii  F»  Clmunirigi  of  Providence, 
It  I.^  published  lu  tilt!  Journal  of  the  TUeffmph^  Dt'i'tjiuUer  U5,  1»77- 
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uected  witli  one  or  more  cities  b}'  a  No.  8  gauge  wire,  with 
i*t*tuni  tbroagli  the  ground. 

Ill  Providence,  on  the  evening  of  the  first  of  these  concerts 
(August  28)^  Henry  W.  Vaughan,  State  aasayer,  and  tlie  writerj 
were  conversing  througli  magneto  telephones  over  a  shunt  ma 
by  grounding  one  of  the  Americiin  District  Telegraph  wires  in 
two  places,  about  a  quarter  of  a  mile  apail^  through  suitable 
resistance  coila  At  about  lialf  past  eight  o'clock  we  were  sur-j 
prised  by  hearing  singing  on  the  line,  at  first  faint,  but  afterwa 
bcconHng  distinct  and  cleiir.  At  the  same  moment,  apparently," 
Clarence  Rathbonc,  talking  with  a  friend  through  telephoneaj 
over  a  private  line  in  Albany,  was  inten'upted  by  the 
sounds.  Aften^^iiiti^  during  that  and  subsequent  concert  even- 
ings, various  airs  were  heard,  sung  by  a  tenor  or  s^iprano  voice, 
or  played  on  the  comet  The  origin  oi  these  concerts  remained 
a  mystery  for  some  time  in  PTOvidence^  and  the  lines  were 
watched  for  music  many  evenings*  The  programmes  heard 
proved  to  be  pre^iisely  those  of  the  Edison  concerts  performed 
in  New  York,  the  singei's  being  Signor  Tagliapietro,  D,  W, 
McAneeny  and  Madame  Belle  Cole,  . 

The  question  how  this  music  pas-aed  from  the  New  York  and 
Albany  wire  to  a  shunt  of  the  District  wire  in  Providence,  is  of 
scientific  importance.  The  Edison  musical  telephone  consists  of 
an  instrument  converting  sound  waves  into  galvanic  waves  at 
the  transmitting  station,  and  a  different  instrument  reconverting 
galvanic  into  sound  waves  at  the  receiving  station.  The  batteiyJ 
used  in  sending  the  music  from  New  York  to  Samtoga  con- 
sisted  of  125  carbon  cells^  with  from  1,000  to  8,000  ohms  resist- 
ance interposed  between  the  battery  and  line  connections  in 
New  York. 

The  wire  used  in  these  concerts  extended  from  the  Western 
Union  building,  corner  of  Broadway  and  Dey  Street,  througli 
Park  Tiow,  Chatham  Stpnire,  the  Bowery  and  Third  Avenue  to 
One  HundiY^il  and  Thirtieth  Street,  and  thence  via  the  Harlem 
Bailroad  to  Albany,  On  the  same  poles  with  this  Albany  '^'i 
for  sixteen  mdes,  are  supported  no  less  than  four  wires  runniD| 
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^oProviclence^  three  of  them  being  on  the  same  cross  arm^  and  otiv 
<^f  them  being  Boston  wire  No,  55  east^  via  Haitfonl  and  Provi- 
<ience;  alst»  for  eight  miles  a  tifth  wire,  Boston  wii*e  No,  ^2  east 
"V^a  New  liondon  and  Providence-  These  wires,  including  the 
-A^lbany  wire,  have  a  common  ground  connection  at  New  York, 
4trid  nre  stning  at  the  usual  distance  apart,  and  with  the  ordinary 
Xnsuhition. 

At  the  Pmvidence  end  of  the  line,  six  New  York  and  Boston 
^•fii-ca,  Nos.  55,  32,  2,  5,  27  and  28  east,  run  into  the  Western 
XJnion  building,  in  company  (on  the  same  poles  and  brackets), 
:for  the  last  975  feet,  w^th  an  American  District  wire.  This  last 
Vtins  esi)ecially  near  to  wires  55  and  82,  whose  proximity  to  the 
^Albany  wire  in  New  York  has  already  been  traced  a!x>ve.  But 
liere  is  a  distinct  feature.  The  District  wire  belongs  to  an 
exclusively  air  circuit  of  four  and  a  half  miles,  having  no  ground 
<3onnection.  The  New  York  and  Albany  and  New  York  and 
Boston  wires  are,  or  may  be,  gixninded  at  both  endsi  The  Dis- 
trict circuit  referred  to  in  Providence  is  geogra|»hicaIly  two 
ircuit?,  but  electrically  one,  both  working  through  a  single  bat- 
ry  of  fifteen  cells,  Mr.  Vaiighan  and  myself  having  District 
boxes  a  quarter  of  a  mile  apart>,  on  this  circuit,  made  a  shunt  for 
telephonic  comnuinication  by  ground  connection  at  each  house, 
Including  several  hundred  ohms  resistimce,  so  as  not  to  impair 
the  galvanic  insulation  of  tlie  line.  The  telephone  talked  through 
is  perfectly,  and  the  sounds  of  atmospheric  electricity  were  heard 
in  remarkable  perfection* 

It  will  be  seen  that  the  music  from  the  Albany  wire  passed 
rsi  to  two  or  more  parallel  New  York,  Providence  and  Boston 
ires;  second,  from  these  to  a  parallel  District  wire  in  Provi- 
nce; and  third,  through  a  shunt  of  that  District  circuit  before 

hing  the  listeners  there. 

This  transfer  of  electric  motion  from  one  wire  to  another  may 

ve  taken  place  by  induction,  by  leakage,  or,  in  the  first  instance^ 

New  York,  by  a  crowded  ground  conductor.     In  the  transfer 

Providence  fr<3m  tlte  New  York  and  Bost^in  to  tlie  District 

',  there  was  no  common  ground  connection,  and  it  is  difficult 
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to  suppose  that  sufficient  leakage  took  place  on  the  three  brackelB 
and  three  poles,  which  were  common  to  the  New  York  and  the 
local  wire,  to  account  for  the  transfer  in  Providence.  The  nuig- 
neto- telephone  has  also  proved  itself  abundantly  capable  of  pick- 
ing up  signals  in  an  adjoining  wire  by  induction  alone.  Without 
rejecting  wholly,  therefore,  the  other  modes  of  transfer,  I  should 
ascribe  to  induction  the  principal  part  in  the  transfer  of  the  con- 
certs from  wire  to  wire  between  New  York  and  Providence. 

What  proportion,  then,  of  the  electrical  music,  set  in  motion 
in  New  York,  could  have  reached  the  listeners  on  the  shunt  in 
Pn)vidence?  Whether  induction,  leakage,  or  crowded  ground 
was  concerned,  will  anj-  electrician  say  that  the  New  York  and 
Providence  wires  situated  as  described,  could  have  robbed  the 
Albany  wire  of  one  tenth  or  even  one  hundredth  of  its  electrical 
force  or  motion  ?  When  this  one  tenth  or  one  hundredth  reached 
Pix)vidence,  will  any  electrician  say  that  the  wires  from  New 
York,  in  the  course  of  975  feet,  could  have  given  up  to  the 
parallel  District  wire  one  tenth  or  one  hundredth  of  their  elecj- 
trical  wave  motion  ?  Lastly,  when  the  District  circuit  had  secured 
this  minute  fraction  of  the  original  music  bearing  electric  waves, 
will  any  electrician  say  that  the  shunt  as  described  (containing 
500  ohms  resistance,  while  the  shimted  quarter  of  a  mile  of  Di:?- 
trict  wire  contained  only  5  ohms  resistance)  could  have  diverted 
one  tenth  of  the  electric  motion  from  the  District  circuit  ? 

The  music  heard  plainly  in  Providence  did  not,  tlierefore. 
re<juire  or  use  one  ten  thousandth,  hardly  one  hundred  thou- 
sandth, of  the  electro-motive  force  originally  imparted  to  the 
Albany  wire. 

This  startling  conclusion  suggests,  first,  the  wonderful  delicac}' 
of  the  magneto-telephone,  on  which  point  I  shall  venture  to 
enlarge,  and  second,  the  as  yet  unimagined  capacity  of  electricity 
to  transport  sound. 

The  magneto- telephone  is  probably,  the  most  sensitive  of  elec- 
troscopes for  galvanic,  magneto-electric,  and  atmospheric  or  irae 
electricity,  and  will  be  used  extensively  in  science  and  the  nr^b 
in  this  capacity.     In  the  French  Academy,  on  the  ^tiiot  2if 
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^bcr,  Mr.  Breguet  introduced  the  tt'leplioue  a-s  **f  all  known 
iustnimenta,  operating  under  the  influence  of  the  most  feeble 
electrical  current*.  Prof,  J*rlin  Peircc,  of  Providence,  lias  ascer- 
-tained  that  the  telephont*givrs  audible  signals  with  considembly 
"Mesa  than  one  hundred  thousandth  pai-t  of  the  current  of  a 
«ngle  Leclancb^  cell.  In  testing  resistances  with  a  Whe^it.stone 
liridge,  the  telephone  is  more  sensitive  than  the  galvanometer. 
In  ascertaining  the  continuity  of  line  wiiti  coils  it  gives  the 
•^^endie-st  answers.  Ft»r  all  tlic  different  fnnns  of  atmospheric 
-electrical  discharge — anil  they  are  constant  and  various — the 
"telej^lione  has  a  language  of  its  own.  and  opens  to  research  a  new 
iield  in  meteorology. 

A  magneto- telephone  in  Pn)vidence  has  Ui'cn  found,  under 
very  favcrnddc  cuiulitions,  to  overliear  the  speech  of  another 
magneto-telephone  on  a  ]>andlel  wire.  But  it  will  be  noticed  that 
the  music  and  Moi-se  oiH?rating  so  noisily  overheanl  on  other 
wires  are  not  products  of  the  magneto  telephone,  but  of  powerful 
Ivanio  currents.  Tlie  delicate  magneto-eleetric  current  of  the 
plefihone  is  not  generally  exposed  to  eavesdropping,  unless  dif* 
Brent  Bets  of  wires  actually  come  in  contact 

Prol  Peirco  has  observ^ed  that  if  one  screw-cup  of  a  magneto- 

rfephone  is  connected  with  a  gi^nnd  wnre^  in  use  at  the  same 

le  for  Morse  oi>erdting,  the  Moi-se  signals  will  l>e  Iieaixl  in  the 

elephone^  although  the  other  screw -cup  is  dis<.'onnected^  and 

lere  is  no  cin?uit.     Here  the  coils  of  the  telephone  seem  to  be 

aomentaj'ily  charged  by  the  piLSsing  signals,  on  the  principle  of 

,  condenser.     A  still  more  striking  illustmtion  of  the  electro- 

copic  delicacy  *if  the  tcleplionc  is  this:  Prof.  E.  W.  Blake,  of 

JrowTi  University,  tjilkcd  with  a  friend  for  some  distance  along  a 

Iroad,  using  the  two  lines  of  rails  for  the  telephonic  circuit 

It  the  same  time  he  heard  the  operating  on  the  telegraph  wires 

irerbead,  caught  by  the  mils,  probably  Ity  inrluetion. 

The  absence  of  insulation  in  this  experiment  rf^calls  another 

iotifl  observation.     The  telei>hone  works  better  in  some  state** 

he  atmosphere  than  in  othei's,     A  north-east  wind  appears 

^mlly  favorable.     When  a  storm  is  appmachiug  the  sounds 
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arc  sometimes  weak ;  but  the  talking  is  ofteu  loml  and  exceOoit 
in  the  TTiidst  of  a  storm,  when  inj«ulation  in  iiiij^f 

hav«  just  verilied  this  by  talking  over  a  short  lum  \. ..  .    ,..    

is  without  insulation,  cind  its  only  support  between  two  Iioa3«L 
the  tnnik  of  a  tree,  just  now  shreted  with  waUT  from  f 
rain.     Tins  appai'ent  indiffei'tJiice  to  insulation  in  ti  t**^- 
which  will  over(X)me  a  renistance  of  elevtm  thousand  oli 
easily  explained.     Thin  ia  only  one  of  a  multitude  of  paradoxes 
prescnk^l  by  the  tek'piiona 

The  sountl  pmduoed  in  tlie  t«:k^phone  by  lightning,  eviea  whifn 
so  distant  that  only  the  Hash  can  be  seen  in  thc^  hori//>n^  and  no- 
thunder  can  be  heard^  is  very  chanurteri«tie,  snmcr^  -  '■^-  -^  > 
quenching  of  a  drop  of  melted  metal  in  water,  or  ti  ^ 

distant  ro<?ket     The  most  remarkable  cireomMitauoo  is  tkr 
sound  is  always  heard  jiK^t  before  the  flajsh  is  s-  ^^       • 

is  a  prol>able  distiu'bance  (inductive)  of  the  el^ 
due  to  the  distant  concentration  of  electricity  preceding  the  dis — 
ruptive  discharge.    On  Sunday,  Novend)er  V    '    "'^  " 
were  heard  and  n?tnarked  upon  in  Prnvid- 
several  weeks.     'Hie  j>api^r3  on  Monday  niuming  expliitti 
by  the  rtfpoit  of  thmnler  Btorms  in  > ' 

day.     Fi-equent  sounds  of  electricu,  _i     :.„.^_    _    . 

lightnings  but  much  fainter,  are  almost  always  heard  lufrcral 
houi-s  before  a  thunderstorm.  This  hm  just  been  exemplified  in 
Pnjvidence, 

The  s^junds  produe^^d  in  the  tetephone  by  the  Atm*ral  t\ 
or  .streamers  wem  observed  in  Providence  by  Prol  John  Pfar«v 
in  Mayor  June,  1877. 

I  will  give  one  further  illustration  of  the  dchcuey  o(  tb-- 
phoney  this  time  in  relation  U>  nuignctinm.    In  June,  1^ 
E.  W,  Blake  substituted  for  the  magjpn    ^   *'  *   "^ 
J)ar  of  Hoft  iron,  five  frum  magnetism,     \\ 
the  line  of  die  dipping  needle,  the  telephone 
m  cartli 
ltd  a  p» ' 
(in  tlie  same  vertieal  pUin&}t  tt  was  ; 
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oice  increased  or  faded  out  in  proportion  as  the  t^leplionc  was 

^ irected  toward  or  receded  from  the  pjle  of  the  dipping  needle. 

^^  It  remains  only  to  speak  of  the  quality  of  the  concert  miisic 

Ivverheard  in  Pi*ovidence.     The  rendering  of  the  music  wivs  very 

^perfect,  but  articulation   was  deficient  or  absent,  both  in  the 

songs  and  in  some  Hentences  which  are  said  tt>  have  been  de* 

<3l aimed  in  New  York  for  the  amusement  of  the  audiences  in 

Saratoga  and  elsewhere.     The  papers  of  the  day  report  that  the 

^^vords  were  nndistingiiishable  in  Saratoga     There  is,  therefore, 

xio  reason  to  suppose  that  the  sounds  lost  anything  in  quality  in 

-l^e  course  of  their  indirect  transmission  to  Providence, 

BREGUET^S  TELEPHONE. 

M.  Breguet  has  invented  an  entirely  novel  telephone,  based 
►n  the  pritioiple  of    Lippmann's  electro-capillary  electrometer. 


Fig,  133. 


The  transmitter  and  receiver  are  exactly  alike,  and  each  consists 
simply  of  a  glass  vessel  containing  a  layer  of  mercury,  over 
which  floats  a  layer  of  a<:idulated  water.  Into  this  water  dips 
the  |>oint  of  a  glass  tul>e  containing  mercury. 
The  upper  part  of  the  glass  tube  contains  air,  and  may  be 
an  to  the  atmosphere  or  closed  by  a  plate  or  diaphragm  capable 
vibniting.  The  circuit  is  formed  by  connecting  the  mer- 
in  the  tube  of  the  transmitting  telephone  with  that  in  the 
ceiver,  and  also  the  mercury  in  the  vessel  of  the  transmitter 
rith  that  in  the  I'eceiver.  When  one  speaks  over  the  top  of  the 
ttbe  of  the  transmitter,  the  vibrations  of  the  air  are  transmitted 
jh  the  mercury  to  the  point  of  the  tube  where  the  mercury 
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makes  contact  witli  the  acidtilated  water  of  the  vesael  by ftefiu^ 
capillary  bore  of  the  tube.     Here  tlie  electTo-capillary  action 
takes  place,  the  vibratory  motions  of  the  mercury  geneiuting 
electro-capillary  currents,  which  traverse  the  circait  to  the  r^ 
ceiver,  and  by  a  revei^se  pixjceas  reproduce  the  air  vibrations  ai 
the  top  of  the  tube  of  the  reoeiver.     M.  Bmguct  says  that  this 
telephone,  unlike  Prof.  Bell's^  is  capable  of  reproducing  uotouh 
oscillatory  motions  of  the  air,  but  of  reproducing  the  exact  rangt" 
of  the  most  general  movements  of  the  vibratory  plata     A  pott- 
able  form  of  this  instrument,  constructed  by  M.  Lippmann,  ooi^* 
sists  of  a  fine  glass  tube,  several  centimetres  long,  containio8 
alternate'  drops  of  mercury  and  acidulated  water,  so  as  tc7  form  ^ 
electrO'Capillary  series.     It  is  sealed  at  the  ends,  by  which  t"^^ 
platinum  wires  make  contact  with  the  terminal  mercury  drof^ 
A  rondelle  of  firwooil  is  fixed  normally  to  the  tube  by  *^ 
centime,  and  gives  a  larger  surface  for  tlie  voice  to  act  against^  ^^ 
as  to  furnish  more  motion  to  the  tube  when  it  acts  as  a  trar*-**" 
mitter,  and  l>e  eaisily  applied  to  the  ear  when  it  is  a  receiver. 

M.  Bn^guet  claims  for  this  telephone  that  it  will  act  throug'A 
submarine  cables  with  instantaneous  effect,  because  it  will  onl^ 
establi8h  variations  of  potential  at  the  sending  end  of  the  lin^v 
and,  unlike  other  telephones,  will  not  generate  cun*etiti§  to  flow 
through  the  line.     But  this  claim  does  not  appear  to  us  to  be 
justLfiable,  since  current.s  must  rej?ult  in  the  line  from  the  varia- 
tions of  pot4?ntial  set  up ;  aixd,  if  there  is  to  be  any  communicB- 
tion  at  all,  they  must  travel  throughout  the  length  of  the  cable 
from  end  to  end* 


REMARKS  ON  THE   THEORY   OF  THE  TELEPHONE,* 

It  is  generally  admitted  that  the  audition  of  speech  in  the  tel 
phone  IB  the  result  of  repetitions,  by  the  diaphragm  in  the  reoei^ 
ing   instrument,  in  consequence  of  electro-magnetic  effects,  of 
the  vibrations  produced,  in  the   transmitter  when  the  voice   is 


1  By  Tb-  du  Moncel.    Extmct  iFom  Comptei}  Eenduii  of  tbo  Freuoli  Academy  of 
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.  directed  against  its  diaphragm.     If  we  consider  the  effects  pro- 
iuced,  however,  a  little  retleetion  will  show  U8  that  this  ex- 
planation can  hanlly  l>e  admitted,  and,  in  addition  to  tliis,  all 
cent  experiments,  if  not  positively  condemning  it,  seem  at  lea.-^t 
show  that  it  is  incomplete.     It  has,  in  fact,  been  demonstrated 
it  not  only  can  the  vibrating  diaphragm  of  the  telephone  re- 
viver be  replaced  by  a  very  thick  and  heavy  armature  without 
aereby  altering  the  transmission  of  speech^  but  it  has  also  been 
liowu  that  the  diaphragm  may  be  made  of  some  non-magnetic 
ilistmce;  and  more  recently  Mn  Spottiswoode  has  ascertained 
[lat  the  vibrating  plate  even  may  be  dispensed  with  withont 
fc^enting  telephonic  transmission,  if  the  polar  extremity  of  the 
lagnet  is  placed  very  near  to  the  ear.     If  we  consider,  on  the 
jther  hand,  that  different  parts  of  the  telephone  may  be  made 
to  transmit  articulate* sounds  either  directly  or  througli  the  inter- 
mediary of  a  string  telephone,  as  shown  by  Mr.  A,  Breguet,  wc 
are  led  to  believe  that  tlie  vibmtions  which  reproduce  speech  in 
the  receiver  belong  principally  to  tlie  magnetic  core  within  tlie 
bobbin,  and,  conse(picntly,  that  tltcy  are  of  the  same  character  as 
^^hose  studied  by  Messrs,  Page,  Henry,  Wertheiru  and  others,  in 
^■lectro-magnetic  bai^s.     These  vilimtionSj  as  is  well  known,  have 
^Been  utifeed  since  1861  in  Keiss's  telephone,  and  more  recently 
^^  the  telephones  of  Messrs.  Cecil  and  Leonard  Wray,  Van  dcr 
Weyde  and  Elisha  Gray.     Under  this  hypothesis  the  \nbmting 
iiaphragm,  when  actuated  by  the  vc»ice^  has  no  other  i\jle  to  fill 
ban  that  of  generating  induced  currents  in  the  transmitter^  and, 
rhen  made  to  vibmte  by  the  bar  in  the  receiver,  o£  reinforcing 
be  magnetic  effect  of  the  latter  by  reacting  upon  its  polar 
extremity. 
Now,  since  the  amplitude  of  these  yibrations  becomes  greater 
the  diaphragm  is  made  more  flexible,  and,  on  the  other  hand, 
he  variations  in  the  electro-maguetic  state  of  the  plate  taking 
dace  with  increased  rapidity  as  its  mass  Ls  reduced,  it  will  be 
linderstood  immediately  why  it  is  important  to  use  very  thin 
'vibrating  disks.     In  transmissi<Hi,  greater  amplitude  increases 
S5trcngth  of  the  induced  currents,  and  in  receiving,  the  varia- 
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tions  of  magnetization  determining  the  sounds  are  rendefed 
sharp  and  cleur,  and  there  is  cc^nsequently  an  advantage  in  both 
cases.  This  hypothesis,  it  will  also  Ije  observtji^l,  in  no  wise 
excludes  the  phonetic  effects  of  such  inechani<ial  vibrations  as 
may  be  produced,  and  whose  action  would  therefore  be  lidded 
to  that  in  the  magnetic  cores. 

In  the  telephones  of  Messrs.  Eeiss,  Wray  and  Gray,  the  mag- 
netic cores  have  no  armatures  at  all ,  sonorous  boxes  alone  bi*iiig 
used  f()r  increasing  the  sounds ;  hut  in  Beirs  telephone  it  is 
more  particudarly  tlie  vibrating  disks  in  the  receivers  which 
determine  the  sound  effect,  and  the  permanent  magnet  is  used^H 
solely  for  the  purpose  of  rendering  the  appanitus  capable  of  ^^ 
being  used  both  as  a  transmitter  and  receiver.  In  the  Bell 
model,  shown  at  Philadelphia,  the  reee^iver  consisted  simply  of  a 
tubular  mtignet,  whose  cyhndrical  pole  was  provided  with  a 
vilniiting  plate. 

We  have  now  to  ascertain  what  the  physical  effects  are  to 
which  the  vibrations  of  the  magnetic  core,  UTnler  the  influence  of 
variations  in  the  Btrength  of  the  current  in  the  bobbin,  should  be 
attributed,  and  for  this  purpose  it  is  necessary  to  refer  to  the 
experiments  of  Messrs.  Page,  Henry  and  Wertheim.  From  these 
it  would  appear  that  they  are  due  entii^ely  to  the  continc'tiona  and 
dilations  of  the  magnetic  molecules  of  the  core,  under  the  influ- 
ence of  successive  magnetization  and  demagnetization;  andtliis 
assumption  receives  additional  confirmation  from  the  changes 
that  have  been  observed  to  take  place,  by  certain  physicists,  in 
the  length  of  a  bar  of  iron  when  submitted  to  energetic  magnetic 
action. 

As  to  the  more  efficacious  action  of  induced  currents  in  tele- 
phonic transmission,  I  do  not  find  it  difficult  to  believe  that  they 
owe  this  advantage  directly  to  their  instantaneous  character  or 
the  suddenness  of  their  production.  For  this  reason,  they  are 
not,  like  voltaic  currents,  dependent  upon  the  duration  of  the 
vibrations  in  the  transmitter  ;  and,  as  they  do  not  have  to  pi 
through  a  variable  period  either^  which  increases  as  the  square 
of  the  length  of  the  circuit,  their  action  simply  depends  upon 
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their  strength  alone.  They  are,  consequently,  much  more  favor- 
able for  the  production  of  phonetic  vibrations  than  voltaic  cur- 
rents ;  and  the  fact  that  the  inverse  currents  which  follow  the 
initial  pulsation  tend  to  discharge  the  line  promptly,  contributes 
still  more  toward  rendering  their  action  sharper  and  more  rapid.* 
If  we  consider,  also,  that  the  currents  produced  by  the  action 
of  the  voice  on  the  diaphragm  of  an  ordinary  telephone  do  not 
exceed  that  from  a  single  Daniell  cell  in  a  circuit  of  100  meg- 
olims  resistance,  as  has  been  shown  by  the  researches  of  Mr. 
Warren  de  la  Rue  to  be  the  case,  we  can  readily  understand 
that  the  greater  or  less  strength  of  these  currents  is  of  little 
importance  in  the  phonetic  eifects  produced,  and,  under  ordi- 
nary circumstances,  would  be  incapable  of  producing  mechani- 
cal movements  or  vibrations  of  sufficient  magnitude  in  a  plate 
like  that  of  the  telephone  to  produce  tlie  sounds  we  hear. 


CHAPTER  X. 


THE  TALOKG    PHONOGRAPR 

The  Talking  Phonograph,  invented  by  Mr.  Thomas  A-  Edi- 
son, is  a  purely  mechanical  invention,  no  electricity  l)cing  iiiieA 
It  i^  however,  somewhat  allied  to  the  telepboue,  for^  like  the 
latter,  its  action  depends  upon  the  vibratory  motions  of  a  meUU- 
hc  diaphragm,  aipable  of  receiving  from  and  transmitting  to  the 
air  sound  vibrations. 

The  ienn  phonograph,  or  soand-recorder,  includes,  besides  Mn 
Edis<m'rt,  a  large  number  of  instruments,  \vbich,  though  they  an:^ 
notable  tr»  reproduce  8^Hiud.  are  eapaVile  ui  graphically^  i*epresent- 
ing  it 

Before  txeating  of  tliese  instnimeuts,  it  might  be  well  to  re<.'all 
what  has  been  mid  in  an  earher  part  of  this  work  on  the  nature 
of  sound- 
Bearing  iu  Diind  that  soimd  in  and  has  for  its  origin  motion, 
we  w^ill  see  that  a  vibrating  boijy.  situated  in  an  elastic  rae<lium 
like  our  atmosphere,  becomes  the  centml  source  of  a  peculiar 
form  of   action,  w^hich  is  ever  propagated  outward      This  i^ 
known  as  wave  motii*n,  and  if  the  number  of  vibrations  causing- 
it  be  within  cerkiin  Umits,  llie  wave  motion  becomes  perceptible^ 
to  tlie  ear,  and  is  called  sound 

Any  change  in  the  original  vibrations  will  cause  a  change  in. 
the  nature  of  the  B^>und  emitted.  Thus,  if  their  amplitude  b^ 
increased,  the  sound  becomes  louder,  and  csm  be  heard  at  a 
gix\ater  distance,  or,  in  other  wortis,  intensity  is  dependent  on. 
the  extent  of  the  vibnttions. 

Again,  should  the  number  of  vibrations  in  e^j^ual  portions  of 
time  be  varied,  the  note  will  rise  or  fall  in  the  musical  sc^Je ;  or. 
])iteh  dcfieuds  on  the  number  of  vibrations  occurring  in  a 
given  time, 

A  thiril  and,  in  this  connection,  more  important  characteristic 
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of  sound  is  that,  while  an  imehaBging  fundamentol  tone  is 
emitted,  other  and  more  mpid  \nbrationa  may  accompany  it, 
on  the  sfinie  pnnciple  that  the  surfaee  of  large  ocean  waves  is 
covered  with  smaller  and  independent  rjpphfs.  It  is  the  aceom- 
paniment  and  pret^ominaiice  of  certain  of  these  harraonics,  as 
they  are  calleil,  tlnit  give.s  to  a  note  that  jw^euliar  pniperty 
.whereby  it  may  bo  distinguished  from  another  of  equal  intensity 
land  pitch.  Tills  ehamcteristic  is  often  called  the  timbre  or  color 
of  the  note,  but  is  known  equally  well  as  ite  quality. 

The  human  voice  is  the  most  j  lerfeet  of  all  mnsical  instru- 
ments.    Certain  parts  of  its  mechanism  can  at  will  be  thniwn 
I  into  vibration,  and  these  vibmtions  can  be  varied  in  amplitude 
'and  number  at  pleasure      Associated  with  the  apparatus  for 
effecting  this,  is  a  hollow  cavity,  whicli  serves,  as  does  the  reso- 
juant  chamber  of  an  organ  pipe,  to  reinforce  the  sound.     The 
Bhai)e  of  this  cavity  niay  be  m  varied  that  it  will  resound  to 
[vibrations  of  any  pitch.     By  means  of  this  latter  power  we  are 
[able  to  produce  the  vowel  sounds.     Accompanying  the  original 
j  vibmtions  are  others  which  are  mnlti]iles  of  it,  and  it  is  by  rein- 
forcing one  or  more  of  these  that  the  quality  of  each  vowel  is 
J^ecureci     Thus  the  forcible  expulsion  of  air  from  the  mouth 
Imay  give  rise  to  articulate  speecli  or  sonnds,  wliose  shadings  and 
[degrees  of  loudness  vary  with  the  numl>er  an<l  pressure  of  the 
f  resulting  impulses,  and  also  with  the  degree  of  suddenness  with 
which  they  commence  and  terminate. 

So  rapid  are  the  vibmtions  of  a  body  when  emitting  abound, 
that  the  eye  and  ear  cannot  discern  a!l  the  phenomena  which 

(accompany  them.  This  has  led  students  of  acoustics  to  devise 
means  of  rejiresenting  graphically  the  movements  which  the 
sounding  body  undergoes ;  and  it  is  through  the  study  of  these 
drawings  that  much  of  our  knowledge  of  the  nature  of  sound 
has  been  obtained. 

One  of  the  simplest  ways  of  producing  what  we  shall  here- 

fter  cidl  the  recoixl  of  a  sound  is  to  dmw  a  vibrating  tuning 

Ljrk  over  a  sheet  of  paper,  so  tliat  a  pencil  attiw^'hed  to  one  i>rong 

lof  the  fork  shall  leave  behind  it  a  waving  line,  as  shown  in  fig. 

[lS4 
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With  this  crude  arrangement  tlie  energy  is  wasted  in  over- 
coming friction,  and  the  fork  B<Km  comes  tr>  rest  To  lessen  the 
fnctiun  it  is  ustud  to  emph\y  paper  t*overcd  with  a  layer  of  lamp- 
black. Inst43ad  of  the  pencil  is  substituted  n  small  pointed  bristle^ 


Fig.  134. 

the  weight  of  which  is  so  slight  that  it  will  not  modify  the 
motion  of  the  prong.  With  very  little  force  tlie  black  can  be 
removed,  leaving  a  white  lino  on  a  dark  ground. 


Fig.  1 35. 

The  use  of  a  revolving  cylinder,  around  which  the  paper  is 
wrapped,  early  suggested  itself,  and  in  tin?  hands  of  Duhamel  the 
apparatus  asvsumed  tlie  form  shown  in  lig.  135.  The  axia  upon 
wMch  the  dnmi  revolveii  is  a  screw,  which  turns  in  a  fixed  nut, 


/V,  136. 

causing  the  drum  to  advance  at  each  revolution  through  the 
distance  lietween  two  cimsecutive  turns  of  the  tlircad,  which  is 
sufficient  to  prevent  one  portion  of  the  record  from  being  super- 
placed  upon  that  which  precedes  it     Fig.  136  shows  the  paper 
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aiter  it  has  been  reraove<l  from  tLe  cylinder  and  gpi^cad  out 
Tlie  dots,  a,  b,  c^  etc,  are  made  by  a  clock  wliich  usually  accom- 
panies the  apparatus.  The  distance  IxHwecn  theni  represents  the 
duration  vt  one  gecond  The  amplitude  and  peculiar  character 
of  each  vibmtion  am  clearly  shown,  and  to  ascertain  the  rate  of 
^fcribration  it  is  only  nece<ssary  to  count  the  number  of  imdulations 
^^>etween  two  consecutive  dots. 

Devices  have  also  been  made  liy  Konig^  with  which  the  result- 
ant \nbrations  arising  from  two  or  more  notes  emitted  sunulta- 
Tneoutfly  may  be  recorded  chi^^tly  from  the  vibrating  bodies. 

The  phonognii>h  invented  by  M.  Leon  Scott  does  not  require 
^hat  tracing  shall  be  made  at  the  place  where  the  sound  origin- 
.^tes,  but  wherever  it  can  be  heard.  It  consists  of  a  hollow 
<jliamber,  marie  Bufficiently  lai'ge  to  respond  to  sounds  of  the 
lowest  audible  pitch,  moimted  before  a  cylinder^  similar  to  that 
shown  in  fig.  135.  One  end  of  this  resonator  is  left  open,  and  the 
>ther  is  tenninatc*d  by  a  ring,  on  which  is  fixed  an  elastic  meni- 
l)nine.  The  air  withm  the  resonator  is  easily  thmwn  into  vibra- 
tion, which  is  i^hared  by  the  menibmne.  The  latter  carries  a 
stylus,  which  also  purtiei pates  in  the  motion,  and  records  it  uj>on 
-the  blackenetl  paper.  The  himtian  voice,  the  tones  from  musical 
^instruments,  and  even  the  rumbling  of  distant  thunder  are  thus 
^■graphically  presented  on  papen 

^p     For  recording  vocal  impulses  one  of  the  most  sensitive  instru- 
:inents  is  the  logiigraj>h,  invented  by  AV.  H.  Barlow,  F,  R  S. 

The  pressure  of  the  air   in   speakmg  is  directed  against  a 

-membrane,  which  vibrates  and  carries  with  it  a  dehcate  marker, 

ijvhich  traces  a  line  on    a    travelling   ribbon.     The  excursions 

^of   the  tracer  are   great  or  small   from  the  base  line  which 

^pTepresents  the  quiet  membrane,  according  to  the  force  of  the 

impulsci  and  are  prolonged  according  to  the  duration  of   the 

^H  pressure,  different  articulate  sounds  var^'ing  greatly  in  length 

^P  as  well  as  in  intensity ;   another  great  dilference  in  them  also 

consists  in  the  relative  abruptness  of  the  rising  and  falling  inflec- 

^ns,  which  makes  ctirves  of  various  shapes.     The  smoothness' 

or  ruggedness  of  a  sound  has  thus  its  own  graphic  chamcter,' 
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independent  both  of  its  actual  intensity  and  its  length.  The 
logograph  consists  of  a  small  spe^iking  trumpet,  having  an  ordi- 
nary mouth  piece  connected  to  a  tube,  the  other  end  of  which  ifti 
widened  out  and  covered  with  a  thin  membrane  of  gold  beater 
gkin  or  gutta  percha.  A  spring  pi^esses  slightly  against  the 
membrane,  and  has  a  light  arm  of  aluminium,  which  carries  the 
marker,  consisting  of  a  small  sable  brush  inserted  in  a  glass 
tube  containing  a  colored  hqoid     An  endless  strip  of  paper  is 


e 

I 


Fiff,  137. 

"caused  to  travel  beneath  the  pencil,  and  is  marked  with^ri 
irregular  curved  line,  the  elevations  and  depressions  of  which 
correspond  to  tlie  ft jrce,  duration  and  other  characteristics  of  tb 
vocal  impulses.  The  lines  thus  tmeed  exhibit  remarkable  uni- 
formity when  the  same  phrases  are  successively  pronounced- 

Fig,  138, 

Fig.  137  shows  curves  obtained  by  the  interposition  of  a  1 
lever  between  the  membrane  and  the  smoked  glass,  whirh 
dra%Tn  along  beneath  the  style,  whose  excui^ioua  are  much  mag^ 
nified  by  the  lever.  The  curves  show  respectively  the  tongue 
trill  or  German  r  prolonged,  tlie  mark  produced  by  the  sound  of 
a  trombone,  and  by  the  sound  of  ix>  in  mood. 

Fig,  138  shows  a  tracing  from  the  utterance  of  the  wor 
incomprehensibility,  with  dlSerent  degrees  of  effort     It  will  be 
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xioticed  that  while  a  certain  variation  occurs,  due  to  the  energy, 
each  sound  preserves  a  specific  character. 

Fig.  139  shows  in  the  upper  portion  the  eflEect  of  words  of 
quantity  which  require  a  large  volume  of  air,  and  are  maintained 
a  relatively  longer  time  than  the  more  explosive  or  intense  kind. 

The  lower  diagram  is  what  the  tracer  wrote  when  the  familiar 
stanza  from  Hohenlinden  was  repeated. 

A  much  more  delicate  instrument  for  recording  sonorous 


Tin 
^  J^entative  JMhicting 


2b  Join  the  irtad/^  fweby. 

Bg,  139. 

vibrations  has  been  made  by  using  the  membrana  tympani  of  the 
human  ear  as  a  logograpk     This  is  represented  in  fig.  140. 

The  stapes  was  removed,  and  a  short  stylus  of  hay  substituted, 
of  about  the  same  weight,  so  as  to  increase  the  amplitude  of  the 
vibrations  and  afford  means  of  obtaining  tracings  upon  smoked 
glass,  as  in  the  logograph  experiments.  The  membrane  is  kept 
moist  by  a  mixture  of  glycerine  and  water,  and  the  specimen 
attached  to  a  perpendicular  bar  sliding  in  an  upright  post,  and 
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moved  by  a  ratcliet  wheel  To  the  upright  is  attached,  hoiizon^ 
tall}%  a  metallic  stage  six  inches  in  lengthy  upon  which  shdea  a 
carriage  with  a  glass  phite,  and  having  a  regular  movement  given 
to  it  by  wheel  and  conl  A  bell  shaped  muiith-piece  is  inserted 
in  the  external  auditory  meatus  aud  luted  in  position. 

The  vibrations  of  the  membrane,  due  to  a  musical  tone  sounded 
in  the  bell,  may  be  observed  by  means  of  a  my  of  light  thrown 


upon  small  specula  of  foil  attached  to  the  malleus,  incus,  or  to 
diilerent  portions  of  the  membrana  t}Tnpani,  or  may  be  recorded 
on  smoked  glass  by  a  stylus  fastened  to  the  desc^ending  process 
of  the  malleus  or  incus  l)y  means  of  glue^  in  a  line  witli  the  long 
axis  of  the  process,  and  extending  downward,  so  as  to  reach  the 
]>late  of  smoked  glass,  which  is  moved  at  a  right  angle  to  the 
cxcuisiou  of  the  stylus ;  the  latter  then  traces  a  wave  line  cor- 
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Twponding   to  the  character  and   pitch  of  tlio   musical  tone 
sounded  into  the  ear. 

As  the  glass  plates  present  plane  surface?^,  atvd  as  the  point  of 
the  vibrating  style  sweeps  through  the  segment  of  a  circle,  the 
cur\^e3  obtaine«l  are  apt  to  l)e  discontinuous,  especially  when  the 
amplitude  is  great     To  obviate  this  difBculty  a  sheet  of  glass  is 
€mplo3*ed,  having  a  curved  surface,  the  concavity  Tjeing  presented 
to  the  gtvlus.     The  sheet  of  glass  is  a  section  of  a  cylinder  whose 
semi-diameter  is  equivalent  to  the  length  of  the  styla     In  this 
way  the  point  of  the  stylus  never  leaves  the  surface  of  the  glass, 
^nd  the  cur\'e  resulting  from  its  vibration  is  continuous.     The 
csarbon  film  is  preserv^ed  by  pouring  collodion  upon  it    As  soon 
:as  this  is  dry,  the  film  may  be  floated  off  w* itb  water,  and  plivced 
mipon  a  plane  sheet  of  glass,  or  upon  paper,  and  varnished  in  the 
Hk^rdinary  way. 

^B     Numerous  other  methods  of  rei  I '  1*  vibrations  visible 

Hko  the  eye  might  ))e  cittvL     Li  gr^  nethods  are  of  two 

iinds.     They  either  aim  at  pitxlueing  a  lij^ting  record  on  paper, 
_^lass,  eta,  which  may  be  preser\'ed  and  exaniined  at  leisure,  or 
"Ihey  present  to  the  eye  in  a  vivid  way  the  sound  \^bnitions  as 
t.hey  are  actually  transpiring.    Of  the  latter  class,  one  devised  by 
Xcinig  deserv^es  a  passing  notice.     A  hollow  chamber  is  divided 
by  a  thin  membrane  of  caoutchouc  into  two  compartments  :  one 
oi  which  communicates  through  a  tube  to  the  mouth  juiece,  hi 
frt>nt  fd  which  the  sounds  are  generated ;  the  other  is  supplied 
Injm  a  pij>e  with  ordinary  coal  gas,  which  issues  from  the  com- 
part.ment  through  a  fine  Vnirner,  where  it  is  ignited.    Anj'  motion 
of  ihe  diaphnigm  will  change  the  pressure  on  the  ga:?,  and  either 
leufT^theu  or  shorten  the  jet     The  movements  of  the  flame  when 
viewed  directly  are  scarcely  pcrceptil»la     To  render  thera  dis- 
tinct, they  are  received  on  a  four-sided  mirror,  which  is  made  to 
Sfevolve.     The  image  of  the  flame  is  thu.s  lengthened  out  into  a 
luminous  btmA     When  the  membmne  vil>ratc.'^,  the  upper  edge 
of  the  barjd  becomes  sermted,  each  elevation  being  due  to  one 
^onnd-vibmtioru 

The  instruments  thus  far  described,  while   able  to  j>roduoe 
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records  undoiibtefUy  correct,  could  go  no  farther.  The  reconis 
thiis  made  suggested  no  way  of  re]>riMlvioiTii^  the  s<:»untL  Nor 
was  this  effected  until  Mr.  Edison  produced  hia  wonderful  tal 
ing  phonograph. 

In  its  simplest  form  the  talking  phonograph  consists  of 
mounted  diaphragm  (fig.  141),  so  arranged  as  to  operate  a 
steel  stylus  placed  just  below  and  opposite  its  centre,  and  a  brass 
cylinder,  six  or  more  inches  long  by  three  or  four  in  diameter, 
which  is  mounted  on  a  horizontal  axis,  extending,  each  way, 
beyond  its  ends  for  a  distance  about  equal  to  its  own  length- 

A  spiral  groove  is  cut  in  the  circumference  of  the  cyhnder 
from  one  end  to  the  other,  each  spire  of  the  groove  being  sep* 
rated  from  its  neighbor  by  about  one  tenth  of  an  inch.     Ti3«; 


Fig.  Ul. 


shaft,  or  axis,  is  also  cut  by  a  screw  thread  corresponding  to  tfa 
spiral  groove  of  the  cylinder,  and  works  in  screw  bearings;  co 
sequently^  when  the  cylinder  is  caused  to  revolve  by  means  of  a 
crank  that  is  fitted  to  the  axis  for  the  purpose,  it  receives  a  for* 
wai^d  or  backward  movement  of  about  one  tenth  of  an  inch  for 
every  turn  of  the  same — -the  direction,  of  course,  depending  upon 
the  way  the  crank  is  turned.  The  diaphragm  is  supported  by  an 
upright  casting  capable  of  adjustment  (ftg,  142),  and  so  arranged 
that  it  may  be  removed  altogether  when  necessary ;  when  in  use» 
however,  it  is  clamped  in  a  fixed  position  above  or  in  front  of  tlie 
cylinder,  thus  bringing  tho  stylus  always  opposite  the  groove  aa 
the  cylinder  is  turuei   A  small  llat  spring  attached  to  the  casting 
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extends  underneath  the  diaphragm  a*5  far  as  its  centre^  and  car- 
ries the  stylus ;  aad  between  the  diapliragm  and  spring  a  small 
ce  of  india  rubber  is  placed  to  modify  tlie  action,  it  having 
been  found  that  better  results  are  obtained  by  thig  means  than 
when  the  stylus  is  rigidly  attached  to  the  diaphragm  iti^elt  The 
action  of  the  apparatus  will  now  be  readily  understood  from 
what  follows.  Tlie  cylinder  is  first  very  smoothly  covered  with 
tinfoil,  and  the  diaphragm  securely  fastened  in  place  by  clump- 
ing  its  support  to  the  base  of  the  instrument  When  thii^  has 
been  properly  done,  the  stylus  should  lightly  press  against  that 
part  of  the  foil  over  the  groove.  The  crank  is  now  tarned| 
while,  at  the  same  time,  some  one  speaks  into  the  mouthpiece  of 


/v.  142. 

Sument,  which  will  cause  the  diaphragm  to  vibrate  ;  and, 
SIS  llje  vibrations  of  the  latter  correspond  with  the  movements  of 
tbe  air  producing  them,  the  soft  and  yielding  foil  will  become 
juarked  along  tlie  line  of  the  groove  by  a  series  of  indentations 
of  different  depths,  varying  with  the  amplitude  of  the  vibrations 
of  the  diaphragm ;  or,  in  other  words,  with  the  inflections  or 
modulations  of  tlie  speaker  s  voice.     These  inflections  may,  there- 
fore, be  looked  uj>on  as  a  sort  of  visible  speech,  which,  in  faet^ 
they  really  are.     If  now  the  diaphragm  is  removed  by  loosening 
Ihe  clamp,  and  the  cylinder  then  turned  back  to  the  starting 
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point,  wc  liave  only  to  replace  the  diaphragm  and  turn  in  tlie 
same  direction  as  at  tii^t  to  hear  repeated  all  that  has  beep 
spoken  into  the  month-piece  of  the  apparatus,  the  stylus,  by  tliis 
means,  being  caused  to  traverse  its  former  path ;  and,  conse- 
quently^  rising  and  falling  -with  the  depressions  in  the  foil,  its 
'  motion  is  communicated  to  the  diaphragm,  and  thence  througii 
tlie  intervening  air  to  the  ear^  where  the  sensation  of  £iound  i* 
produced. 

As  tlic  faithful  reproduction  of  a  soimd  is,  in  reality,  nothiiig 

moi^e  than  a  reproduction  of  nimilar  acoustic  vibrations  in  a  given 

timej  it  at  once  Ixvomes  evident  that  the  cylinder  should  be 

made  to  mvolve  with  aljsohite  uniformity  at  all  times,  otherwise 

a  difFerencCj  more  or  less  marked,  between  the  original  sonnd 

and  tlie  reproduction  will  iHtt-ome  manifest     To  secui-e  this  nni- 

formitj^  of  motion,  and  produce  a  piiictieallf  working  machine 

for  automatically  recording  speeclie^?,  vocal  and  instrumental 

music,  and  perft^-lly  i-eproducing  the   same,  the  inventt^r  hoB^ 

devised  an  ai»ijsmatis  ui  which  a  plate  replaces  the  cy Under. 

This  piate,  which  is  ten  inches  in  diameter,  has  a  volute  epiml 

groove  cut  in  its  sui*£ace,  on  botli  sides,  fi^>m  its  centre  to  within 

one  inch  of  its  outer  ^Ige.    An  lunn,  guided  by  the  spiral  tijKia 

the  under  side  of  the  plate,  carries  a  diaphnigm  and  mouth -piece 

at  its  extreme  end     If  the  arm  bo  placed  neai*  the  centre  of  tlje 

plate,  and  the  latter  rotated,  the  motion  will  cause  the  arm  to 

follow  the  spind  outward  to  the  algc.     A  sj>riiig  and  tniin  oC 

wheel-work  regulated  by  a  friction -governor,  serves  to  give  uui- 

forrn  motion  to  tlie  plate.     The  ahect  upon  which  the  recnnl  is. 

made  is  of  tiufoiL     This  is  fastene<l  to  a  pajjcr  frame,  made  by 

cutting  a  nbie-inch  disk  from  a  square  piece  of  paper  of  the  Bumo 

dimensiv^ns  as  the  plate.     Four  pins  upon  the  plate  p:iss  tlxrougli 

cori^\sp:)nding  eyelet-holes  punched  in  the  fom*  corners  of  that 

piper  when  the  latter  is  laid  upon  it,  and  thus  secum  accurate  if^m 

gistnition,  while  a  clamping- fnmie  hinged  to  the  pluto  iistensth^^ 

foil  and  its  paper  fmme  secui'cly  to  the  latter.     The  meclmnisia 

is  so  arnuigcd  that  tlie  plate  may  be  started  and  stopped  in* 

statitly,  or  its  molion  revei-st^d  at  will,  thus  giving  the  gn^test 

convenience  to  both  .speaker  and  copyist 
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Mr.  Edison  has  found  that  the  clearness  of  the  instJament^s 
articulation  depends  considerably  upon  the  size  and  shape  of  the 
opening  in  the  mouth-piece.  When  words  are  8ix)ken  against 
the  whole  diaphragm,  the  hissing  sounds,  as  in  shall,  fleece,  etc, 
are  lost  These  sounds  are  rendered  clearly  when  the  hole  is 
small  and  provided  with  sharp  edges,  or  when  made  in  the  form 
of  a  slot  surrounded  by  artificial  teetk 

Beside  tinfoil  other  metfils  luive  l)een  used  Impressions  have 
been  made  upon  sheets  of  copper,  and  even  upon  soft  iroiu 
With  the  copper  foil  the  instniincut  spjkc  with  sufficient  force 
to  be  heard  at  a  distance  of  two  hundred  and  s<jventy-five  feet  in 
the  open  air. 

By  using  a  form  of  pantofrniph,  Prof.  A.  if.  Mayer  has  ob- 
tained magnified  tracings  on  smoked  glass  of  the  record  on  the 


Fig.  143.  > 

foiL    The  apparatus  he  used  consisted  of  a  delicate  lever,  on  the 
^der  side  of  which  is  a  point,  made  as  nearly  as  jxissible  like 
the  point  under  the  thin  iron  plate  in  the  i>honograplL    C^^mented 
to  the  end  of  the  longer  arm  of  this  lever  is  a  pointed  slip  of  thin 
copper  foil,  which  just  touches  the  vertical  surface  of  a  smoked 
^aas  platen     The  point  on  the  short  arm  of  the  lever  rests  in  the 
fonow,  in  which  are  the  depressions  and  elevations  ma<^le  in  the 
kH  on  the  cylinder.    Rotating  the  cylinder  with  a  slow  an<l  uni- 
iarm  motion,  while  the  plate  of  gla.ss  is  slid  along,  the  jKjlnt  of 
00|>per  foil  scrapes  the  lampblack  off  the  smoked  gla.ss  j»late  and 
traces  on  it  the  magnified  pn>file  of  the  depressi<^ns  an<l  eleva- 
tions in  the  foil  on  the  cylinder.     In  fig.  143.  A.n^i)res^'nts  the 
appearance  to  the  eye  f»f  the  impn*ssioris  on  the  foil,  wlifn  the 
aound  of  a  in  hat  is  sung  against  the  in^n  i>late  of  the  phono- 


804 


THE   TALKING  PHON^OGRAPH, 


grapK  B  is  tlie  iniigiiilied  profile  of  tlicae  impressions  on  ihe 
smoked  glass  obtaiii<.^l  as  jiL^t  described  C  gives  the  aJ){)ea^ 
anoe  of  Kduig  s  Qiime  when  the  siime  sound  m  sung  quite  cloae 
to  ite  mcmbmne.  It  will  be  seifn  that  tlie  profile  of  the  impres* 
sioiis  made  on  the  ]>lionograph,  and  tlie  t'ontours  of  the  flames  of 
Konig,  when  ^-ibratcd  by  the  siime  compound  sound,  bear  a  dose 
resemblance, 

Mr.  Mayer  fiml^  that  tlie  form  of  the  trace  olnained  liH>m  a 
]>uint  attached  to  a  memVtraiie  viVimting  under  the  influence  of  a 
compound  sound,  depends  on  the  distance  of  the  source  of  the 
sound  f  1*0 ni  the  membrane^  and  the  same  compound  sound  will 
fonn  ati  infinite  nnml»er  of  diiferent  traees  as  the  diatanee  of  its 
plaee  of  origin  from  the  membrane  is  gradually  inci'eased ;  for, 
08  you  inereai^  this  distance,  the  waves  ol  the  components  of  the 
compound  sound  are  made  to  ntriko  outhe  membrane  at  differ- 
ent periods  of  their  swings.  For  example,  if  the  compound 
sound  is  formed  of  six  liarmonirs,  the  removal  of  the  source  of 
the  sonorous  vibrations,  froin  the  metubrane  to  a  distance  equal 
to  J  of  a  wave  length  of  the  1st  harmonic,  will  remove  the  2d, 
3<1,  4lh,  5th  and  6th  harmonics  to  distances  from  the  mem- 
lutme  equal,  rt.^2)eetivelv,  to  J,  f,  1,  IJ  ami  IJ  wavedengths. 
The  consequence  evidently  is,  that  the  i\*sultant  wave- form  is 
entirely  clumgt^  by  this  motion  of  the  source  of  the  sound, 
though  the  sonorous  sensation  of  the  compound  sound  remains 
unehaiiged  This  is  rea^Iilj  proved  ex]>erimen tally  by  sending 
a  consUuit  compound  sound  into  tlie  cone  of  Konig's  appamtttB> 
while  we  gnidually  lengthen  the  tube  between  the  mouth-piece 
and  the  nitnabrane> 

The  articulation  and  quality  of  the  phonograph,  althougli 
not  yet  perfect,  is  full  as  good  as  the  telephone  was  six  months 
aga  The  instrument,  when  perfected  and  moved  by  clock 
work,  will  undoubtedly  reproduce  every  condition  of  the  human 
voice,  including  the  whole  world  of  expression  in  speech  and 
song.  The  eheet  of  tinfoil  or  other  plastic  material  receiving  ihe 
impressions  of  sound  will  be  stereotyped  or  electrotyped,  so  as  to 
be  multiplied  and  made  durable ;  or  the  cylinder  will  be  made  of 
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material  plastic  when  used,  and  hardening  afterward.  Thin 
leets  of  papier  macli<S,  or  of  various  substances  which  soften  by 
ieat,  would  be  of  this  character.  Having  provided  tbus  for  the 
durability  of  the  phonograph  plate,  it  will  be  very  easy  to  make  u 
separable  from  the  cylinder  producing  it,  and  attachable  to  a  cor- 
responding cylinder  anywhere  and  at  any  time.  There  will  doubt- 
less be  a  standard  of  diameter  and  pitch  of  screw  for  phonograph 
cylinders.  Friends  at  a  distance  will  then  send  to  each  other 
phonograph  letters,  which  will  talk  at  any  time  in  the  friend's 
voice  when  put  upon  the  instrument.  IIow  startling,  also,  it 
will  be  to  reproduce  and  hear  at  pleasure  the  voice  of  the  dead ! 
All  of  these  things  are  to  be  common,  every-day  experiences 
within  a  few  years.  It  will  be  possible  a  generation  hence  to 
take  a  file  of  phonograph  letters^  spoken  at  different  ages  by  the 
same  person,  and  liear  the  early  prattle,  the  changing  voice,  the 
manly  tones,  and  also  the  varying  manner  and  moods  of  the 
apeaker — so  expressive  of  character — from  childhood  up  1 

These  are  some  of  the  private  applicationa  For  public  uses, 
we  shall  liave  galjeries  where  phonograph  sheets  will  be  pre- 
served as  phoUigraphs  and  books  oow  are.  The  utterances  of 
great  speakers  and  singers  will  there  be  kept  for  a  thousand 
years.  In  these  galleries  spoken  languages  will  be  preserved 
from  century  to  century  with  all  peculiarities  of  pronunciation, 
dialect  or  brogue*  As  we  go  now  to  see  the  stereopticon,  we  shall 
go  to  public  halls  to  hear  these  treasures  of  speech  and  song 
brought  out  and  reproduced  as  loud,  or  louder,  than  when  first 
spoken  or  sung  by  the  truly  great  ones  of  earth.  Certainly, 
within  ado2^n  years,  some  of  the  great  singers  will  be  induced 
to  sing  into  the  ear  of  the  phonograph,  and  the  electrotyped 
cylinders  thence  obtained  will  be  put  into  the  hand  organs  of 
the  streets,  and  we  shall  hear  the  actual  voice  of  Christine 
Nilsson  or  Miss  Gary  ground  out  at  ever}^  corner. 

In  public  exhibitions,  also,  we  shall  have  reproductions  of 
the  sounds  of  nature,  and  of  noises  familiar  and  unfamiliar. 
Nothing  will  be  easier  than  to  catch  the  sounds  of  tlie  waves 
on  the  beach,  the  roar  of  Niagara,  the  discords  of  the  streets, 
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the  noises  of  animals,  the  puffing  and  rush  of  the  railroad  i 
of  the  rolling  thunder,  or  even  the  tumult  of  a  battla 

When  popular  idrs  are  yung  into  the  phonogmph  and  the 
notes  are  then  I'epraduced  in  reverse  order,  very  curiuus  and  | 
beautiful  mui?ical  effects  are  oftentimes  prriduceil,  having  nu  ap*^ 
parent  resemblance  to  thoi^e  contained  in  their  ongiuak.  Thi^H 
instrument  may  thus  be  usci^d  as  a  sort  of  musical  kaleidosoopc, 
by  means  of  which  an  infinite  variety  of  new  coml]»inatii>na  niaj^H 
be  produced  from  tlie  musical  compoPitionB  now  in  existence.    ^^ 

The  talking  pihonogniph  will  doubtless  he  applied   to  bell 
punches,  clocksj  complaint  boxers  in  public  conveyances,  and 
toys  of  all  kinds.     It  will   suj>ersede  the  shorthand  writer 
taking  letters  by  dictation,  and  in  the  taking  of  testimony  befoi 
referees.     Phonographic  letters  will  ho  sent  by  mail,  the  foQ  1: 
mg  wound  on  paper  cyHndens  of  the  size  of  a  finger.     It  will  re? 
cite  poems  in  the  voice  of  the  author,  and  reproduce  the  speeches 
of  celebmted  orators.      Dramas  will  be  produced  in  which 
the  parts  will  be  "  well  f^poken — with  good  accent  and  good  di: 
cretion ;"  the  original  matrice  being  prepai-cd  on  one  macl 
provided  with  a  rubber  tube  having  several  mouth-pieces;  ai 
MadLune  Tussaud  s  figures  will  hereafter  talk,  as  well  as  lool 
like  tlieir  great  j >rototjri>ea  1 

^  The  phonograph  has  quite  passed  the  experimental  s' 
and  is  now  practir'ally  successful  in  every  reJSjH^ct,  and  must 
regardcil  lus  instrumetitid  in  opening  a  ne^  field  fur  scientil 
research^  and  makmg  one  morc  application  of  scieuoc  to  indust] 
Its  aim  is  to  record  and  reproduce  sp^^!*rh,  to  make  a  permane 
record  ot  vorrxil  or  other  sonorous  vibrations,  and  to  recreal 
these  vibrations  in  such  a  manner  that  the  original  vibratio; 
may  l>o  again  imparted  to  the  air  aa  sounds. 

The  tiilking  phonograph  is  a  natuml  outcome  of  the  tel 
phone,  but  unlike  any  form  of  teleplione,  it  ia  mcclmnical^  am 
not  elet^trical^  in  its  action.    In  using  the  plionograph,  it  is  foui 
best  to  speak  in  a  loud,  clear  voice,  and  with  distinet  enundar 
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tion,  that  the  vihrations  may  be  sharply  and  deeply  mipreased 
on  the  foil.  Attention  must  Ix^  also  giTcn  to  the  mnvtMnent  of 
the  handle,  so  that  the  ]>assagr^  of  the  foil  under  the  styliLs  will 
be  xinifomi  and  steady. 

As  the  speed  of  the  itppumtus  decides  the  distance  between 
h  dtmt  marked  by  tliGHt>uoruiirt  vibmtious,  it  iiiuHt  nho  d<i'ide 
the  pitch  of  the  tone  when  the  Bounds  are  reproductxL  A  bass 
oice  will  give  only  half  iL<  iiiMuy  viltmtioiia  iis  a  sopmno  vniee, 
ne  octave  higher^  and  ]jnnt  half  as  niauy  marks  on  the  foil  in  a 
ven  space.  If,  in  turning  the  iastrimient  swiftly,  the  speeil  at 
nrhieh  these  marks  puiss  under  the  stylus  is  increftso<1,  t!ien  the 
pitch  of  the  resulting  tones  will  Ix)  raised,  and  tlie  Ijilss  voi(*e 
may  peapi>ear  as  a  sopi-ano,  or  in  a  high,  piping  treble  far  above 
the  pitch  of  any  human  voice.  In  a  contrary  manner,  by  turn- 
ing the  handle  slowly,  a  soprano  voice  may  reajjjM^ar  as  a  very 
I  deep  bass.  This  cni-ious  circiunstance,  in  connection  with  the 
^^h[>eech  of  the  phonogmjjh,  will  iiudoubtedly  make  it  necess4UT  to 
^™5nplov  clrx-k  work  to  move  the  appamtuSj  in  order  that  an  ab- 
solutely uniform  mte  of  speed,  andj  consequently,  rate  of  ^dbra- 
^n,  may  be  preserve<l  while  the  maehine  is  m  operation  The 
il,  after  having  been  im|)res,sed  with  the  \nbrati«^ns,  j^re^ents  a 
-gularly  lined  or  scored  appearand ^e.  But  so  minute  aiT^  the  in- 
ntations  stamped  in  the  gi*oove  that  they  can  hanlly  l>e  seen 
fitbout  a  glass.  The  ftjil  is  quite  soft,  and  is  lialile  to  injury, 
d  it  is  pnjposed  to  make  stereotype  ct^pies  of  the  proj»er  size 
fit  the  cylinder  of  tlie  phonograph.  Such  cylintlers  will  be 
rmanent  nnd  ilu ruble,  and  can  Ijc  UBed  many  times  over  with- 
t  injur}",  or  can  be  duplicated  by  clecti*otyi)iiJg.  The  tone  of 
the  phonograph  is  usually  rather  shrill  and  piping,  but  this  de- 
■^fect  will  undoubtedly  be  coiTectiHl  by  improved  in^itruitunits.  It 
P^SitLSt  be  observed  that,  man'clluus  iis  tliis  instrument  is,  it  is  still 
qxiite  new,  and  it  is  impossible  to  say  to  what  degree  of  perfec- 
^K.on  it  may  yet  1x5  caiTied.  It  has  alrendy  oijcned  the  drHjr  to 
^Bn  entirely  new  and  uutrial  field  in  tlie  physics  of  sountl  It 
^Hg  a  Bew  instniment  in  the  hands  of  seience  wherewith  Ui 
iaearch  out  yet  unknown  laws  in  nutun\     Already  it  has  sug- 
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gested  numy  valuable  uses  in  trade,  manufactares  and  social 
life,  and  it  will  be  the  aim  of  this  department  to  report  the 
progress  of  this,  one  of  the  most  remarkable  inventions  of  this 
century,  and  its  applications  to  science  and  industry. 


CHAPTER  XI. 

EDISON'S  QUADBUPLEX  TELEGRAPH, 


I  qnadmplex  system  of  telegraphy,  by  raeana  of  which  four 
ications,  two  in  each  direction,  may  be  simultaneously 
[ismitted  over  a  single  wire,  has^  within  a  few  years,  found 
very  extensive  pn^ctical  application  upon  the  lines  of  the 
Testem  Union  Telegraph  Company,  and  is  at  the  present  time 
operated  upon  sixty  lines,  between  almost  all  of  the  principal 
titles  in  the  country. 

The  distingiitKhing  principle  of  this  system  conHists  in  com- 
bining at  two  terminal  stations,  two  distinct  and  unlike  methods 
of  single  transmission,  in  such  a  manner  that  they  may  be 
ried  on  indepcndendy  upon  the  same  wire,  and  at  the 
[iBame  tinie,  without  interfering  with  each  other.  One  of  these 
aethods  of  single  transmission  is  known  as  the  double  current 
teystem,  and  the  other  is  the  sitigle  curi'ent  or  open  circuit  system. 
tn  the  double  current  system  the  battery  remains  constantly  in 
3nnet!tion  with  the  line  at  the  sending  stations,  its  polarity 
^^  ^?toly  reversed  at  the  beginning  and  at  the  eml  of 

!,  without  bmaking  the  circuit  The  receiving  relay 
I  provided  with  a  polarized  or  ])ennanently  magnetic  armature, 
but  hjis  no  adjusting  spring,  and  itsi  action  de]>ends  solely  upon 
he  reversals  of  pohirity  upon  tlie  line,  without  reference  to  the 
agth  of  the  current  In  the  single  current  syBtem^  on  the 
Mher  hand,  the  tmnsmission  is  effected  by  increxising  and 
8oci\?asing  the  current,  while  the  relay  may  have  a  neutral  or 
ft  iron  armature,  provided  with  a  retracting  spring.  A  l:>ettor 
[*rm»  however,  for  Jong  circuit**,  is  that  of  the  piilarized  relay, 
lly  adapted  let  {)revent  interferuner^  from  the  reversals 
Bto  tlic  line  to  operate  the  double  current  system.  In  this 
eai,  tboiefore,  the  action  dependB  solely  upon  the  strength 
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o£  the  current,  iU  polarity  being  altogetLer  a  matt>cr  of  indiffler- 
enci? 

It  will  thus  be  apparent  that  by  making  use  of  these  two 
distinct  qualitias  of  the  current,  viz.,  polarity  and  strength,  com* 
bined  with  the  duplex  principle  of  simultanooua  tmnsmi&sion  in 
opposite  directions^  four  snts  of  instruments  may  be  opemt'ed  at 
the  same  time,  on  the  same  wira  This  method  possesses,  more- 
oven  the  important  practi<jal  advantage  that  the  action  of  each 
of  the  receiving  relays  is  perfectly  indei>endent  Each  receiving 
operator  controls  his  own  relay,  and  can  adjust  it  to  suit  himself  | 
without  interfering  with  the  other. 

Fig.  144  sliows  the  quadruplex  apparatus,  as  arranged  upoa 
the  bridge  plan,  which  was  at  first  employed  by  the  Western  i 
Union  Tolegrai»h  Company  in  1874,  when  the  system  was  placed.  I 
upon  ita  lines. 

Tj  is  a  double  current  transmitter  or  pole-changer,  operated 
by  an  electro-magnet,  local  battery  e^  and  finger  key  K^,  The 
office  of  the  transmitter  Tj  is  simply  to  interchange  the  poles  of 
the  main  battery  E^,  with  respect  U)  the  line  and  ground  wires, 
whenever  the  key  Ki  is  depressed;  or^  in  other  words,  to  reverse 
the  polarity  of  the  current  ujvon  the  line  by  reversing  the  poles 
of  battery  H^.  By  the  use  of  properly  arranged  spring  contacts, 
a^  $2,  this  is  done  without  at  any  time  interrupting  the  circuit 
Thus  the  movements  of  the  tmnsmitter  Tj  cannot  alter  the 
strength  of  the  current  sent  out  to  line,  but  only  its  polarity  or 
direction.  The  second  transmitter,  Tj,  is  operated  by  a  local 
circuit  and  key  Kg  in  the  same  manner.  It  is  connected  with  the 
battery  wire  12,  *»f  the  tninsmitter  T^,  in  such  a  way  that  when  the 
key  Kj  is  depressed,  the  battery  E^  is  enlarged  by  the  addition 
of  a  second  battery,  Eg,  of  two  to  three  times  tlie  number  of 
cells,  by  means  of  which  it  is  enabled  to  send  a  current  t*-i  the 
line  of  three  or  four  times  the  original  strength,  bat  the  polarity 
of  the  cuiTCnt  with  respect  to  the  line  of  couree  still  remainsi  as 
before,  under  control  of  the  first  transmitter  Tj. 

At  the  other  end  of  the  line  are  the  two  roceiving  instruments 
Bj  and  Rg.     R^  is  a  polarijaed  relay  with  a  permanently  mjig- 
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Tietic  armatorc^  wliich  is  deflected  in  one  direction  by  popifiT^ 
and  in  the  other  by  negative  currents,  without  reference  to  the 
strength.     This  relay  consequently  I'esponds  solely  to  the  mav 
ments  of  key  K^,  and  operates  the  sounder  S^  by  a  local  ciimilj 
from  battery  L^  in  the  usual  mannen    Relay  Rg  is  placed  in  th 
same  main  circuit,  and  is  provided  with  a  neutnil  or  soft  iron 
armature.     It  responds  with  equal  i^eadiness  tc»  currents  of  eith€ 
jyolarity,  provided  they  are  strong  enough  to  induce  sufficic 
magnetism  in  its  cores  to  overcome  the  tension  of  the  op 
armatiu-e  spring.     The  latter,  however,  is  eo  adjusted  that  its 
retractile  force  exceeds  the  magnetic  atti-action  induced  t>y  the 
euirent  of  the  battery  E^  but  is  easily  overj^owered  by  that 
the  current  from  E^  and  Ef  combined,  which  is  three  or  fou 
times  as  great     Therefore,  the  relay  R^  responds  only  to  th 
movements  of  key  Kg  and  transmitter  T^. 

The  same  difficulty  which  troubled  former  inventors 
again  in  this  connection.  When  the  polarity  of  the  current 
upon  the  line  is  reversed  during  the  time  in  which  the  armature 
of  Rj  is  attracted  to  its  poles,  the  armature  will  fall  off  for  an 
instant^  owing  to  the  cessation  of  all  attractive  force  at  th^ 
instant  when  the  change  of  polarity  ijs  actually  taking  place,  and 
thifl  would  confuse  the  signals  by  false  breaks  if  the  sounder 
were  connected  in  the  ordinary  way.  By  tlie  arrangement  showii^l 
in  the  figure,  the  armature  of  the  relay  R^  makes  contact  on  il^H 
back  slop,  and  a  second  local  battery  Lg  operates  the  receiving 
sounder  Sj,.  Tlius  it  will  be  understood  that  when  relay  R, 
attracts,  its  ai'mature,  the  local  circuit  of  sounder  S,  will  be 
closed  by  tlie  back  contact  of  local  relay  S ;  but  if  the  armature 
of  Rj  falls  offt  it  must  reaeli  its  back  contact,  and  remain  tlier 
long  enough  to  complete  the  circuit  through  the  local  relay  I 
and  openite  it  bcfoi-e  the  sounder  S,  will  he  affet^ted.  But  tbd 
interval  of  no  magnetism  in  the  relay  Rg,  at  the  change 
polaritv',  is  too  brief  to  permit  its  armature  to  remain  on  its  baoi 
contiict  lung  enough  to  afiect  the  local  relay  S,  and  through  th^ 
agency  of  tins  ingenious  device  the  signals  from  K^  are  properlj 
responded  to  by  the  movements  of  sounder  Sg, 
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By  placing  the  two  receiving  instraments  R|  and  Rg  in  the 

ridge  wire  of  a  Wheatstone  balance^  and  duplicating  the  entire 

pparatiia  at  each  end  of  the  line,  the  currents  transmitted  from 

^her  station  do  not  affect  the  receiving  instruments  at  that 

ation.     Thus  in  fig.  144  the  keys  K^  and  Kg  are  supposed  to 

at  New^  York,  and  their  movements  are  responded  to  only  by 

be  receiving  relays  R^  and  Rg  at  Boston.     The  duplicate  parts 

fhich  are  not  lettered  of^erate  in  precisely  the  same  manner, 

Fbut  in  the  opposite  direction  with  respect  to  the  lina 

In  applying  this  system  of  qnadruplex  transmission  upon  lines 
of  considerable  length,  it  was  found  that  the  interval  of  no  mag- 
netism in  the  receiving  relay  Rj  (which,  as  before  stated,  takes 
place  at  every  reversal  in  the  polarity  of  the  line  current)  was 
greatly  lengthened  by  the  action  of  the  static  discharge  from  the 
le,  so  that  the  emplojanent  of  the  locml  relay  S  wtis  not  siifii- 
&nt  to  overcome  the  difficulties  arising  therefrom.  A  rheostat 
or  resistance  Xj  was  therefore  placed  in  the  bridge  wire  with  tlie 
striving  instruments  Rj  and  R^,  and  shunted  with  a  condenser 
|of  considerable  capacity.  Between  the  lower  plate  of  the  con- 
denser and  the  junction  of  the  bridge  arid  earth  wire  an  addi- 
tional electro-magnet  r  was  pliic^ed,  acting  upon  the  ai-mature 
lever  of  the  relay  R^,  and  in  the  sfirno  sense.  The  effect  of  this 
arrangement  is,  that  when  the  current  of  one  polarity  ceases,  the 

tndenser  c  immediately  discharges  through  the  m^ignet  r,  which 
ts  upon  the  annature  lever  of  relay  R^,  and  retains  it  in  posi- 
>a  for  a  brief  time  before  the  current  of  the  opposite  polarity 
rives,  aad  thus  serves  to  bridge  over  the  interval  of  no  mag- 
tisni  between  the  currents  of  opposite  polarity. 
It  will  be  seen  that  the  combination  of  transmitted  currents  in 
this  method  differs  materially  from  any  of  those  used  in  previous 
aventions.     Thev  are  as  follows : 


^^or  r 
■of 

1         A^^ 


n: 


When  the  fii-st  key  is  closed  and  the  second  open,  + 1 

When  the  second  key  is  closeil  and  the  first  open — 3  or — 4 

When  both  keys  are  closed -(-3  or +4 

When  both  keys  are  open , . »  ^-1 
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llere  wc  discover  another  very  important  practical  advantage 
in  the  system  under  conaklenition,  which  is  due  to  the  fact  tl 
the  difference  or  working  margin  between  the  strengths  of 
rent  required  to  produce  signals  upon  the  polarized  relay  and 
upon  the  neutral  relay,  resjjectively^  may  be  increased  to  any 
extent  whit-h  ciiXMirostances  ronder  desinibla  Within  c*,ertain 
Kmits,  the  greater  this  difference  the  better  the  practical  results, 
for  the  reason  that  the  range  of  adjustment  of  the  neutral  relay 
increases  directly  in  projwrtion  to  the  margin.  The  ratio  of  the 
respective  currents  has  been  gradually  increased  from  1  to  2  to 
as  high  as  1  to  4^  with  a  correspmding  improvement  in 
practical  operation  of  the  apparatus. 

From  what  has  been  stiid,  therefore,  it  will  be  seen  that  hed 
it  became  possible-  to  produce  a  qiiadniplex.  apparatus  capable 
of  being  w^orkcd  at  a  commercial  mte  of  speed  uj>on  long  lta< 
it  was  essential  that  itt4  component  parts  should  have  arrived 
a  certain  stage  of  development.  When,  in  the  early  part  of  1872, 
simultaneous  transmission  in  opposite  directions  was  for  the  fii 
time  i*endered  practicable  upon  long  lines  by  the  combinati< 
thei-ewith  of  the  condenser,  the  first  step  was  accomplished*  It 
now  only  remained  to  invent  an  equally  successful  method  of 
siniultaneoua  transmission  in  the  same  direction,  which,  as  we 
have  seen^  was  done  in  1874  The  application  of  one  or  more 
of  the  existing  duplex  combinations  to  the  new  invention,  to 
form  a  quadruplex  apparatus,  soon  followed  as  a  matter 
course. 

Tlie  following  methtMl  of   simultaneous  transmission  in  tlie 
same  direction  was  invented  iii  December,  1875. 

Fig.  145  is  a  diagram  of  the  apparatus  iis  armnged  for  quadru- 
plex transmission.  The  lever  t^ ,  with  its  appendages^  constitutes 
the  first  or  single-point  transmitter,  wliich  is  the  same  as  that  of 
the  Stearns  duplex,  being  operated  by  an  electro-ma,gnet  T^,  local 
batteiT  t  and  key  Kj.  The  second  or  double-point  transmi 
consists  of  a  quadrangular  plate  of  hard  rubber,  E,  mouni 
upon  an  axis,  and  capable  of  being  oscillated  by  the  arm 
which  is  rigidly  attached  to  it     By  means  of  a  spring  e^, 
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arm  c  presses  xipOTi  a  roller  fixed  upon  one  end  of  the  lever  d, 
whicli  forces  the  otber  end  of  tlie  lever  against  the  stop  d^.  The 
jlever  d  carries  the  annatiire  of  the  electro-nmgnet  Tg,  which,  like 
tie  single  point  transmitter,  is  operated  by  a  local  battery  and 
BY  Kj,  The  oscillating  plate  E  has  four  itisulnted  contact 
oints/  gt/it  5^1,  npon  its  respective  angle?*.  The  contact  levers 
F  and  G  are  mounted  on  axes  at  each  end  of  the  plate  E,  and 


Fig.  145. 

are  pressed  against  it  by  springs  s^  s^.  When  the  tranamitter  is 
in  a  position  of  rcift,  as  shown  in  the  figure,  P  is  in  couUtct  with 
fand  G  with/^,  and  the  parts  are  kept  in  tliis  position  by  the 


ion  of  the  spring  e^.     When  key 


^^i  by  the  action  of  liie  electm' 
(rer  d  ;  this  tnrns  the  platt?  E  upon  its  axis,  and  brings  F  into 


depressed 
magnet 


the  arm  e 
n  the  bent 


itact  with  g  and  G  with  g^ 
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Tn  this  apparatus,  as  in  the  one  previously  described,  th«re  are 
four  different  electrical  conditions  possible  when  tranBmittiDg 
two  simultaneous  LlespatciieH  in  liie  same  direction,  as  follows: 

1,  Both  keys  in  a  position  of  rest  This  position  is  represented 
in  fig.  145.  Disregarding  for  the  present  the  n^eiving  instru- 
ments and  their  coTmections,  the  circuit  may  be  traced  as  follows : 
From  the  earth  at  G  through  wires  9  and  8,  contact  spring  t^ 
lever  Z^,  wire  7,  contoet  point /^  and  lever  G,  wires  6  and  5,  and 
thence  through  the  receiving  instruments  to  tVie  line  L  Thus 
the  line  wire  is  connected  to  earth  without  any  batterVt  and  there 
is  no  current  upon  the  line. 

2.  The  first  hey  closed  and  the  second  key  open.  The  route  is  the 
pame  as  Iwforc  from  the  earth  at  G  t*i  contact  spring  b.  From 
this  point  it  now  diverf!:es  tlirough  contact  lever  F,  wires  12,  13, 
nnd  battery  B  to  w^ire  7,  and  thence  to  the  line  as  before.  The 
battery  B  is  now  in  circuit  and  sends  a  +  current  to  line. 

8,  Tlte  second  key  dosed  and  the  first  key  apen.  The  route  is  now 
from  tlie  earth  at  G,  through  wires  9  and  8,  contact  spring  h  and 
lever  ^j,  as  in  the  first  insta-iice^  thence  through  batter\"  B,  wii^es 
13,  12,  contact  lever  G,  vnres  6,  5,  and  through  the  receiving 
instiTimcots  to  lina  The  same  battery  B  now  sends  a  —  curi 
to  the  line. 

4.  Botli  keys  closed.     The  route  is  now  from  the  earth  at  G* 
wires  9  and  8  to  coutact  spring  h ;  thcnee  by  contact  point  eta 
wire  14  to  buttery  SB;  thenc^e  by  wire  15,  through  y  to  lever 
wire  12  andj^  to  contact  lever  O,  and  finally  through  wires  ^ 
and  5. to  the  line.     The  Imttery  3B,  wliich  contains  alK)ut  three 
times  as  numy  elements  as  B^  now  sends  a  -j-  current  to  the  ItO" 
It  will  thus  lie  seen  that  the  two  batteries  B  and  SB  are  nevi 
tlmAvn  together  on  the  hue  at  the  same  time,  as  in  the  previoi 
an^angement. 

The  receiving  apparatus  consists  of  two  sounders,  S^  and  S,^ 
which  are  coritrollcd  liy  two  relays,  R,  and  R^*  ^*&  1"^^-  The 
line  wire  L,  on  entering  the  receiving  station,  passes  thmugh  the 
coils  of  both  relays,  and  thence  to  earth  through  the  transmitting 
apparatus     Both  relays  are  provided  with  polarized  arniatures. 
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and  are  preferably  constructed  with  two  electromagnets  m  m^^ 
an-anged  with  tlieir  poles  facing  ciich  other,  with  a  permanently, 
magnetized  armature  between  the  opposite  polea 

The  arriving  cun*entj  entering  the  relay  Rp  passes  tlarough 
the  wire  2  and  coil  h^  ol  magnet  m  and  h^  of  ui^^  which  are  so 
arranged  that  a  +  current  will  cause  tlie  polarixed  armature  nto 
be  attracted  by  m^  and  repelled  by  m,  while  with  a  —  current 
Hie  opposite  effect  will  be  produced. 

The  armature  of  relay  R^  m  provided  with  a  retracting  spring 
r  J,  and  operates  the  sounder  Sj  by  means  of  a  local  battery  i^^in 
the  ordinary  manner.  The  relay  R^  consists  of  two  electro- 
magnets p  and  2^1)  and  its  annature  is  also  provided  with  a  re- 
tracting spring  r  J  ;  but  it  differs  niaterially  from  the  other  relay 
in  the  an'augemeut  of  it^  local  coimectiona  The  polarised  arma- 
tore  o  is  hekl  by  the  tension  of  the  spring  r^^  not  against  alixcd 
8top,  but  against  the  free  end  of  a  movable  contact  lever  r,  the 
opposite  end  of  which  turns  upon  an  axis.  The  c^intact  lover  r 
is  itself  held  against  a  fixed  stop  q  by  a  spring  q^,  the  tension  of 
which  considerably  excee<is  that  of  spring  r^.  The  local  battery 
w  is  placed  in  the  wire  22,  leading  from  the  contact  lever  r  to 
the  differential  sounder  S^. 

The  manner  in  which  the  receiving  instruments  operate  in 
each  of  the  four  different  electrical  conditions  of  the  line  is  as 
follows : 

1.  No  current  The  local  circuit  of  sounder  S^  is  kept  open 
by  the  action  of  spring  r^  on  armature  7i,  and  it  remains  inactiva 
The  opposing  branch  circuits  23  and  24  of  sounder  S^  are  both 
dosed  by  relay  K^,  which  render  it  also  inactive. 

2.  Current  of  -\-  B.  The  relay  R^  (which  is  affected  by 
positive  currentij  of  any  strength)  operates  sounder  Sj.  The 
armature  of  relay  Rj  is  pressed  more  strongly  against  contact 

er  r,  but  not  with  sufficient  power  to  overcome  the  spring  jj. 
Sounder  S,  is  therefore  unaffectetl 

3*  Current  of —  B.  The  armature  of  relay  R^  is  attracted 
toward  its  back  stop»  and  Sj  is  not  affected.  The  annature  of 
K,  is  attracted  to  the  right,  and  opens  wire  24,  which  permits 
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the  local  battery  w  to  operate  the  soiuider  S^  by  way  of  wires  1 
and  28. 

4   Carre  fit  c/-f*  ^^'     The  armature  of  relay  R^  operatijs 
in  the  second  case.     The  increaHtHl  powpr  of  the  (»urreiit  fr 
the  battt^ry  of  many  elements  causes  the  armature  of  R^  to  ove 
come  the  resii?tanco  of  spring  ^j,  and  break  the  hx^al  cii"cuito{ 
wire  22,  leaving  the  sounder  Sg  free  to  operate  by  way  of 
22  and  24.     Thus  tlie  -)-  SB  current  operates  both  sounders. 

In  order  Xo  adapt  this  system  to  quadniplex  transmission,  a*ld 
tional  helices  h  h^  an<l  h^  h^  nnt  placed  upon  the  receivil 
relays  Rj  and  R^,  wliirlt  are  placed  in  tbe  circuit  of  an  artific 
line,  arranged  according  to  Stearns's  differential  duplex  methc 
which  diverges  at  the  point  5  and  goes  by  way  of  16,  17^  18, ! 
20  and  21  to  the  earth  at  G,  and  is  pro\n<led  with  the  wsnnf 
rheostat  X  and  condenser  C,     The  .small  rheostat  x  is  employe 
to  regidate  the  time  of  discharge  from  the  condenser. 

By  the  arrangement  of  tbe  contact  lever  r,  in  connection  witt 
the  armatmx>  lever  o  of  relay  Rg,  and  tlie  local  circuits  as  abovf 
desc.nl»ed,  the  reversal  of  polarity  ujion  the  line  takes 
without  interrupting  the  signal  upon  sounder  Sg,  for  the 
that  when  the  armature  o  is  acted  upon  by  the  reversal  it  g" 
directly  over  from  one  extreme  position  to  the  other,  without 
stoi>piug  at  the  intermediate  jjosition  long  enough  to  affect 
sounder  Sg,  even  if  there  is  a  considerable  interval  between 
successive  currents. 

An  improvement  upon  the  above  arrangement  was   su 
quently  invcnteil,  in  which  an  entirely  novel  combination 
currents  upon  the  line  was  employed,  and  which  does  not  n^j 
the  polarity  of  the  current  to  be  reversed  during  the  transmissi* 
of  a  signal    In  iig.  14G,  T^  is  a  local  electro-magnet,  which  op 
ates  the  eingle  jHJint  transmitter  t^y  under  control  of  tlie  key 
The  key  K,  in  Uke  manner  contmls  the  double  point 
raitter  t^,     Tlie  four  electrical  conditions  of  the  line  m  the 
ferent  jiositions  of  the  keys  are  as  follows : 

1*  Both  keys  open.     This  is  the  position  represented  in 
figure     The  route  of  the  current  is  from  the  earth  at  G-,  throuj 
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'wire  1,  spring  6,  lever  t^,  wires  2  and  3,  contact  point  o,  spring  0, 
■wires  4  and  5,  battery  B,  wires  6  and  7,  contact  point  n,  and 
spring  N,  thence  by  wire  8  to  line  L.  The  battery  B  sends  a  -|- 
current  to  line. 

2.  First  key  closed  and  second  key  open.     The  route  is  now 
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Fig.  146. 


^^lX)m  earth  at  G,  by  wire  1  and  spring  b  to  point  a,  wires  12  and 
«  and  thence  as  before  to  the  lina  In  this  case  there  is  no 
ttfittery  in  circuit,  and  no  current  goes  to  line. 

8.  Second  key  closed  and  first  key  open.     The  route  is  now 
from  earth  at  G  by  wire  1,  spring  h  and  lever  t^^  wires  2  and 
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13^  battery  3B^  wire  14,  point  o^y  spring  O,  wires  4  aud  15,  con* 
tact  point  II J ,  spring  N  atid  wire  8  to  the  line.  The  large  bat- 
tery 3B  sencis  a  —  current  to  the  line, 

4  Both  keys  closed  The  route  is  from  earth  at  G  by  wire 
1,  spring  h^  contact  jvoint  a,  wires  12  and  6,  main  battery  B, 
wires  5  and  15,  contact  point  n^  spring  N,  and  wire  8  to  line 
Ll  In  this  case  tlie  lesser  main  battery  sends  a  —  current  to 
line. 

The  receiving  apparatus  consists  of  two  sounders  S^  and  S|, 
controlled  by  two  relays  Rg  and  Kg,  both  of  which  have  polar- 
ized armature??,  and  are  constructed!  in  the  same  manner  as  those 
descril>ed  in  connection  with  the  la.st  method.  The  anmiture  of 
relay  R^  is  pronded  with  a  retracting  spring  r,,  and  operatofl 
the  sounder  S^  l>y  means  of  a  local  battery  Zg,  iu  the  usual  man- 
ner. The  polarized  armature  j\  when  no  curi-ent  is  passing 
through  the  line,  is  held  by  a  spring  r^  against  the  free  end 
of  a  contact  lever  r,  which  is  in  turn  held  against  the  fixed 
stf>p  q  by  the  tension  of  a  spring  q^^  which  considerably  exceeds 
that  of  the  spring  r  j. 

The  manner  in  which  the  receiving  instruments  operate  in 
each  of  the  four  conditions  of  the  line  is  iis  follows:  1,  Cur- 
rent o/'-j-  ^'  The  local  circuit  of  sounder  H^  is  kept  open  by 
the  action  of  the  positive  current  upon  the  jiolarized  armattireof 
I'elay  R|,  which  is  sufficient  to  overcome  the  tension  of  spring 
Tj,  and  it  therefore  remains  inactive.  The  local  circuit  of 
sounder  S,  is  kept  open  by  the  action  of  the  positive  current 
uiK>n  the  armature  h  of  relay  R^,  in  addition  to  the  action  of 
spring  Ty  2.  No  cuirent  The  armature  /  of  relay  Ej  is 
drawn  by  the  tension  of  spring  r^  over  against  the  contact  lever 
r,  thus  completing  the  local  circuit  of  sounder  S^.  The  armature 
of  Rj  is' held  back  by  spring  r^,  thus  breaking  local  circuit  of  S^ 
S.  Cttrreni  of —  3  B,  In  this  case  the  action  of  the  negative 
current  from  the  gi-eater  battery  causes  the  polarized  armature 
to  press  against  the  contact  lever  r  and  overcomes  the  tension  of 
spring  ji,  and  thus,  although  the  local  circuit  is  stiU  closed 
between  the  annature  J  and  contact  lever  r ,  it  is  now  broken 
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md  the  fixed  stop  q,  and  hence  sounder  S| 
fii  the  other  hand,  the  negative  curreut  carries 
elay  lij  to  the  left,  closing  the  local  circuit 
^■md  actuating  the  sounder  S^,  4.  Current  of—  B.  This  cur* 
^Bent  is  not  suflicient  to  overeorae  the  tension  of  spring  q^^  and, 
^Bberefore,  the  conUict  lever  r  continues  to  rest  against  stop  q^  and 
^the  local  circuit  of  S^  is  completed.  Relay  Rg,  which  opemtes 
^by  negative  cm^rents  of  any  strength,  closes  its  local  circuit 
^^^Bbrougli  the  sounder  S^. 

^^  In  this  arrangement  it  will  bo  seen  that  a  reveraal  of  polarity 
upon  the  line  cannot  occur  while  a  signal  is  being  given  by 
either  key.  This  method  may  be  readily  uniterl  with  any  suit- 
^bble  duplex  method  to  form  a  quadruplex  combination. 
^^  Fig.  147  is  a  diagram  illustrating  a  quadruplex  method,  based 
upon  that  shown  in  fig.  144,  but  embodies  several  important 
modifications  and  improvements  not  shown  there.  This  arrange- 
ment  was  extensively  employed  for  some  time  upon  the  Western 
Union  lines^  especially  upon  the  longer  circuits,  and  was  found 
to  be,  in  many  respects,  far  superior  to  that  first  introduced.  It 
l^jrill  be  seen  that  no  changes  were  made  in  the  principle  of  the 
ansmitting  portion  of  the  apparatus^  or  the  combination  of  cur- 
its  sent  to  line  in  the  diSerent  positions  of  the  keys,  but 
'portions  of  the  i-eceiving  appamtus  were  materially  altered 

In   fig.  147  the  pol^mzed  relay  R^,  and  its  accompanjong 

sounder,  are  placed  in  the  bridge  5,  6,  as  before     The  neutral 

relay,  which  wrts  fonnerly  placed  in  the  bridge  wire  also,  is 

^4^caixlcd  altogether,  and  is  replaced  by  a  compound  differential 

H^hirized  relay  Rg.     This  i^  inserted^  not  in  the  bridge  wire,  but 

'     in  the  line  and  earth  wires ;  these  respectively  form  tlie  thii-d  and 

3urth  sides  of  the  bridge,  of  which  A  and  B  are  the  first  and 

cond  sides.     Thus,  when  the  resistances  A  and  B  are  made 

lual,  the  outgoing  currents  will  divide  equally  between  the  Hue 

lid  the  eartli,  and  will  neutralize  each  other  in  their  effect  ujwn 

fcie  relay  R^,     The  latter  consists  of  two  electro-magnets  facing 

eh  other,  v^ith  a  polarized  arraatui'e  between  them.     When  no 

^nt  is  passing,  the  polarized  armature  is  held  in  a  central 
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position  between  two  spring  contact  levers  N  Nj,  and  the  cir- 
cuit of  the  local  relay  S  is  completed  through  these  and  the 
armature  lever  The  springs  of  the  contact  levers  N  Nj  aw 
adjusted  with  sufficient  tensiou  to  prevent  them  fix>m  responding 
t<3  the  current  of  the  small  battery  Ej  at  the  sending  staticm^but 
the  udditioBal  current  fi'om  battery  Eg  will  overcome  the  spring 


Fitj,  147. 

of  IT  or  of  Nj ,  according  to  its  polarity,  and  thus  break  the  circnil 
of  the  locxd  relay  S,  which  by  its  back  contact  will  opei-ute  the 
sounder  Sg.  The  electro-magnets  r  r  are  arranged  to  act  in  con- 
juQction  with  Kg  R*,  upon  the  same  armature  lever,  and  are 
connected  with  a  condenser  c  aud  a  rheostiit  X^  in  the  bridge 
wire,  for  reasons  which  have  been  fully  explained  on  page  313. 
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^ig.  148  shows  the  connections  of  another  form  of  quadniplex 
apparatus,  embodying  several  important  improvements  that  are 
not  found  in  the  apparatus  heretofore  described.  Both  receiving 
relays  Ej  and  Eg  are  provided  with  differential  helices  and  polar- 
ized armatures,  and  in  general  the  differential  method  is  employed 


Fig.  148. 

thimighoTit  in  place  of  the  bridge.  The  relays  E^  and  Eg  may 
be  constructed  as  shown  in  the  figure,  or  accoixling  to  Siemens's 
pattenu  Experience  has  shown  that  the  latter  form  gives,  on 
the  whole,  the  most  satisfactory  results,  and  it  has  therefore  l^een 
adopted  in  All  the  more  recent  apparatus.     The  combination  of 
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the  outgoing  carrents  differs  from  that  employed  in  the  original 
quatli'uplex,  and  is  as  follows:  ^m 

Kj  open  and  K^  open,  current  traversing  line. , +  ^^1^^ 

K^  open  and  Kg  closed,     *'  *^  "     +    B 

Ki  closed  and  K3  open,     **  «*  **     —  4  B 

K^  closed  and  Kg  closed,  "  **  '*    —    B 

As  in  tlie  original  quadruplex,  key  Kj  controk  the  polarity 
of  the  cuiTent  going  to  line,  but  the  depression  of  K,  decreases 
the  outgoing  current,  irrespective  of  its  polarity,  from  4  B  to  B; 
or,  ill  other  words,  cuts  off  the  battery  3  B  altogether. 

The  only  matter  requiring  detailed  explanation  is  the  action 
of  the  relay  Rg,  When  both  keys  are  at  rest,  the  positive  cur- 
rent of  both  batteries  (-j«  3  B  4*  B)  is  passing  over  the  line,  and 
the  polarized  armature  is  pressed  against  the  contact  lever  n^ 
which  yiehls,  thus  allowing  it  to  separate  from  the  contact  lever 
7?^,  and  the  circuit  of  the  sounder  Sg  is  broken,  Wlien  K^  k 
closed,  the  polarity  of  the  entire  battery  upon  the  line  is  reversed, 
and  the  annature  parses  over  to  the  other  side  and 


against  v^  in  the  same  maimer,  ho  that  the  sounder  S^  cannot 
be  openited  by  the  stronger  currents  of  either  polarity.  But 
the  depression  of  the  key  K,  in  either  case  decreases  the  current, 
until  it  is  unable  Uy  withstand  the  tension  of  the  springs  of  the 
contact  levers  n^  71^^  and  thus  the  Icx^l  circuit  through  the 
sounder  S J  is  completed,  and  the  latter  consequently  responds 
to  the  movementi^  of  key  K^. 

On  circuits  exceeding  200  miles  in  length,  the  sounder  S| 
is  preferably  openited  through  the  medium  of  a  local  relay, 
ammged  as  in  fig.  147*  The  conibinatiou  of  the  outgoing  cur- 
rents in  different  positions  of  the  keys  is  also  rearranged,  so 
as  to  conform  to  the  original  plxms  (figs.  144  and  147),  and  is 
as  follows : 

K^  ojien  and  Kg  open,  current  traversing  line  • +      B 

Ki  open  and  K^  closed,     *'  **  "     +  4  B 

Ki  closed  and  K^  open,     **  '*  " —      B 

Kj  closed  and  K,  closed,  ^*  "  "     *. —  4B 
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Figa  149  and  150  comprise  a  plaa  view  and  diagram  of  a 
quartette  tible,  airanged  for  qiiadruplex  working  on  a  long  cir* 
cuit,  showing  tlie  relative  positions  of  tlie  different  parts  of  the 
apparatus.  In  fig.  149  the  compartment  at  the  top  of  the  figure 
is  for  receiving,  and  the  other  for  sending ;  while  in  fig.  150  the 
sending  operator  occupies  the  upper  compartment  and  the 
Teceiving  operator  the  lower  one.  The  letters  and  figures  of 
Teference  indicate  the  same  pai-ts  a»s  in  fig  148-  Additional  let* 
ters  of  reference  will  be  explained  elsewhere.  The  main  cir- 
cnita  are  indicated  by  broken  lines,  and  the  local  circuits  by 
dotted  lines. 

In  all  of  the  methods  of  multiple  transmission  hitherto  known, 

thereby  two  distinct  communications  may  be  ^simultaneously 

l^ltmnsmitted  over  one  conductor  in  the  same  direction,  or  com- 

^■bined  ^vith  any  suitable  one  of  the  several  known  methods  of 

^^simultaneous  double  tnmsmission  in  opposite  dimctions,  so  that 

four  distinct  communications  may  be  transmitted  simultaneously, 

without  interfering  with  each  other,  it  has  been  necessary  to 

make  use  of  a  double-acting  i*eceiving  instrument  or  relay  at  tlie 

receiving  station,  composed  of  a  single  electro-magnet  having 

two  or  more  armatures,  or  else  of  two  or  more  independent 

^^  receiving  instruments. 

^H  The  practical  objection  to  the  first  mentioned  aiTangement  is 
^fthat  the  eflfective  attraction  of  the  electro- magnet  for  any  one  of 
^P  two  or  more  armatures  is  materially  lessened  whenever  one  of 
[  the  others  is  already  in  contact,  or  nearly  in  contact,  with  its 
poles.     Thus  the  movements  of  the  separate  armatrnxi^s  neces- 

taarily  interfere  with  each  other,  ivhich  interference  tends  to  con* 
^fuse  the  sigiiala  The  second  arrangement,  vi2,,  the  use  of  two 
independent  receiving  instruments,  although  being  free  from  the 
above  mentioned  objections,  is  liable  to  certain  other  defects, 
the  principal  of  which  are  as  follows :  When  the  apparatus  is . 
arranged  for  the  simultaneous  transmission  of  four  communica- 
tionSj  two  in  each  direction,  it  is  found  difficult  to  adjust  the 
equating  resistances  and  condenser  capacities,  so  that  neither  of 
the  two  receiving  instruments  ai^e  affected  by  the  variations  in 
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EXl'LASATION  OF  FIGS.  140  AND  150. 


Kii  Key  of  No.  I  acndln^  oinsmttMr. 

Tj,  Doublo  cttrrvnt  traiiiaiiticr.  operated  l>jr 

K,  oTki. 
«i,  TratjdtnUtor  local,  of  throe  cells. 
^,  K«y  of  No.  I  receiving;  operator. 
Rj,  Single  polftriaec)  relay. 
8,,  Becemug  eoander  op«rtit<Hl  by  ditto. 
/.,  Soiindfsr  local,  of  two  oella. 


K,,  Key  of  No.  U  fleodixiK  opontor. 

T«,  Sii^le  carrent  iPMUiiaiHer,  operated 

KT,  or  *<. 
<!.,  Tr&QDinllter  locilf  of  thrw  cdU. 


by 


Jt„  Kt?y  of  No.  2  rocoivJng  op«ntor, 
11,,  C'oiiiprmnd  poIarL'.oil  reliiy. 


8, 

Lor..! 

ita. 

„-.ll          ,,f     tM'.'.     .-4>t1.» 

_^ 

ii                    ^j*^iotl  of  malo  battf' 
1  1                  ijviiilon  of  main  baft 
^  Swit'  n    fur  cuUlnsj  out  mai 
coiimii  tioellnc  toenrth  u 
X,  L»ri;e  riieojjtiit  for  bAlouciuL: 

i 

t  of 

__, fw  cotnpensattiig^  re^Iitance  of 

bBttery  n  B, 
bowiEtt    r>ir  cotnpciuiatlng  re»lflt&nce  of 
.iteryaB4-B. 
[T  ^r  placed  between  mtla 

oorDpennatlrif?  ntfitic  din- 

i'tin  lint'.    The  (innntlty 

f  thefoniJeuHer  illKcdarg^ 

iiitud  tvy  Dicans  of  the  adjust' 

^Htll^«  rand  r^,    Tliie  armnge- 

uwn  La  employed  only  on  liaaa 


exceediiur  400  mlloii  111  length.  When  a  rtaMc 
baJance  M  obtolnodt  i;,  should  have  about 
twice  as  many  aheetA  ai*  f^  (both  bd&i?  ud* 
jnaiftble).  The  eoudenpcr  r,  «?hoij|d  rcieivo 
lie  chai^o  through  fthout  half  tlio  re«i5t&iictj 
feqaJfed  for  both,  Foreicample,  if  the  mmi- 
ber  of  phcetfl  rcoiiirad  in  c,  were  80,  and  in  c, 
&)  (total  90)  and  the  tealvtamoe  required  for 
bcjiliwtre  2,000  obmB,  «,  wonld  require  1,000 
and  <7,  1,000,  On  lfn«8  of  lt;ea  tbao  4tXi  miles 
the  arrani^craeot  ahowu  ia  flg.  148  anawera 
every  piirpoae. 
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the  Strength  or  polarity  of  the  outgoing  currents  ;  as  the  chanj 
nccesj^ry  to  effect  tlie  proper  adjustment  or  balance  of  om 
receiving  instrument  destroy  the  haL'ince  of  the  other,  and  much 
care  and  skill  are,  at  times,  required  to  accomplish  the  desired 
result 

Again,  when  two  receiviDg  instruments  are  used,  one  must- 
he  sufficiently  sensitive  to  respond  readily  to  weak  current^H 
The  other  must  be  much  less  sensitive,  responding  only  to  cui^^ 


rents  of  greater  sti-ength.     The  current  required  to  actuate 
latter  instrument  sometimes  afiects  injuriously  the  working  oj 
the  more  delicate  one. 

To  meet  these  difficulties,  a  somewhat  novel  and  ingenioi 
arrangement  has  been  de\T6ed,  which  is  shown  in  fig*  151,     Th« 
principal  part  of  the  improvement  consists  in  the  use  of  a  new 
form  of  double  acting  relay,  composed  of  a  double  electro-mi 
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and  a  single  armature,  the  latter  capable  of  being  placed,  by  the 
'  uction  of  the  fonner,  in  four  different  positions  conx^sponditig  to 

»the  four  possible  pusitioiiaof  the  two  keys  at  the  sending  statiom 
By  means  of  suitaVjly  arranged  contact-levers,  two  independent 
local  circuits  are  brought  into  action  by  the  siimo  armature  in  its 
different  jKJsitions,  so  as  to  actuate  two  independent  sounders. 
The  diagram  shows  the  I'eceiving  instniment  or  relay  at  one 

I  terminal  station,  combined  with  other  well  known  apparatus,  in 
f)rder  to  effect  the  simultaneous  transmission  and  reception  of 
two  communieations,  in  the  same  or  in  opposite  directions,  or 
both,  upon  one  conductor. 

With  the  exception  of  the  arrangement  of  contact-points  and 
their  respective  lc»cal  connections  with  the  levers  N  and  Nj,  and 
armature  a^,  by  means  of  which  the  latter  controls  the  Idbal  cir- 

Icuits  which  openxte  the  sounders  S^  and  Sg,  the  construction  of 
the  receiving  instrmncnt  is  precisely  the  same  as  that  used  ia  the 
quadruplex  system,  which  we  have  just  considered,  and  which  is 
fully  described  on  page  324.     As  shown  in  the  figure,  the  con- 
tact-levers N  and  N^  of  the  receiving  instrument  turn  freely 
niK>n  suitable  fulcrums  at  their  lower  ends,  while  their  free  upper 
Kends,  when  at  rest,  are  held  against  the  adjustable  contact  points 
~  9  ^i  ^y  ^^^  tension  of  the  adjustiible  springs  r  r^,     A  contact 
point  0  is  upon  the  upper  extremity  of  the  C4:)ntact  lever  N  ;  and 
0,  is  an  insulated  stop  occupying  a  corresponding  position  upon 
^  the  lever  Nj.     The  contacts  q  q^  are  so  adjusted  as  to  allow  the 
Barm  a^,  which  is  rigidly  attxiched  to  the  armature  a,  to  play- 
between  the  stops  0  and  o^  upon  the  contact  levei^,  which  limit 
its  motion  in  each  direction,  except  at  such  times  as  the  armature 
a  moves  with  suflfieieut  power  to  overcome  the  retractile  force  of 
springs  r  fj,  in  which  case  the  lever  N  or  N^  is  pressed  away 
fi-om  the  contact  q  or  q^  until  it  strikes  against  the  adjustable 
8top7>  or p^. 

The  operation  of  the  two  independent  transmitters  or  keys  K ^ 
and  Kg,  at  the  sending  station,  gives  rise  to  four  different  elec- 
trical conditions  of  the  line,  aecoixling  to  their  respective  positions 
with  reference  to  each  other,  as  follows : 
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1.  First  and  second  keys   both  open.     This  is  the  positioaJ 
of  the  apparatus  shown  in  the  figure.     In  tliia  |M:»sitiou  of  th« 
keys  btUh  main  batteries  are  in  eireuit,  sen<hng  to  Hne  a  posiuv 
or  -f  cujTent  of  +  B  +  3  B  =  +  4  B.  ^ 

2.  First  key  closed  and  seeond  key  o]>en.     In  this 
both  main  batteries  are  iiho  in  circuity  sending  to  Hne  a  nc 
or  —  current  of  —  SB  —  B  ^  —  4  B, 

3.  Second  key  closed  and  first  key  ojjen.     In  this  posil 
the  smaller  of  the  two  main  butteries  only  is  in  circmt,  sendiD 
to  line  a  positive  or  -|-  current  of  a  strength  of  +  B. 

4.  First  and  second  keys  both  closed*  In  this  positic 
the  smaller  batter)^  only  is  in  circuit,  sending  to  line  a  ne^tiv 
or  —  cun-ent  of  a  strength  of  —  B. 

At  tRe  distant  terminal  of  the  line  L,  the  apparatus  is  arrang 
precisely  as  shown  in  the  figure* 

It  is  essentird  that  one  sounder  (for  example,  S^)  should 
resix)nd  solely  to  the  movements  of  the  key  Kj,  and  the  othe 
sounder^  Sg^  in  like  manner  t<3  the  movements  of  the  key  Kj 
while  both  should  resjiond  when  both  keys  are  simultaneously^ 
depressed     The  manner  in  which  this  result  is  accomplishc 
will  be  undorst(X>d  by  the  following  explanation  of  the  effei:;t  < 
each  of  the  above  mentioned  electi'ical  conditions  of  the  line, 
upon  the  receiving  instrument 

1.  Positive  current  from  Ix^th  batteries  {-j-  4  B).     The  Ic 
circuit  of  sounder  S^  is  open  between   the  point  o  and  ar 
a^,  and  that  of  S,  between  the  lever  Nj   and  tho  stop  q^ 
because  the  action  of  the  current  upon  the  armature  a,  tending 
to  attract  it  toward  M^,  is  strong  enough  to  overcome  the  tensio 
of  the  spring  r^,  and  force  the  lever  N^  against  the  stop  p^, 

2.  Negative  currents   from   both   batteries  ( —  4  B)i      Tl 
local  circuit  of  sounder  S^  is  closed  at  the  point  of  cont 
between  arm  a^  and  contact  lever  N;  but  that  of  sounder  Sj 
broken  between  the  contact  lever  N  and  the  stop  q,  bec^ause  th| 
strength  of  the  current  upon  the  line  is  so  great  as  U)  overcow 
the  tension  of  the  spring  r,  and  force  the  lever  N  against 
8top|>. 
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3w  Pc>sitive  aiirrent  from  battery  B  only  (-|-  B).  The  local 
*  circuit  of  sounder  Sj  is  broken  Ijctween  the  ai-ni  a^  and  the  con- 
tact o  on  the  lever  N,  but  tltat  of  suuiider  Sg  remains  closed, 
because  the  power  of  the  current  uj>on  the  line^  though  sufficient 
to  move  the  arm  a^  awa^^  from  the  stop  o,  is  not  able  to  overcome 
the  spring  r^j  and  separate  the  lever  N^  from  the  stop  q^, 

4.  Negative  cun-ent  from  battery  B  only  ( — B).     The  local 

drcuita  of   both  sounders  Sj  and  S^  remain   closed,  because 

ae  sti-ength  of  this  cmTcnt  is  sufiieient  to  bring  the  arm  aj  into 

contfict  with  the  stop  o  upon  the  contact  lever  N,  but  is  not 

-enough  to  overcome  the  spring  r,  and  thus  separate  the  lever  N" 

^^rom  the  atop  q, 

^m  Tbua  it  will  be  understood  that  the  armature  a  is  caosed  to 
^ngsume  four  different  positions  corresponding  to  the  four  different 
^iielectrical  conditions  of  the  line. 

When  the  armature  is  in  either  of  its  extreme  positions  the 
local  circuit  of  the  sounder  S^  is  broken.  When  Jjjie  armature 
passes  directly  over  from  one  extreme  position  to  the  other,  it,  of 
course,  closes  the  local  circuit  for  an  instant  as  it  passes  the 
middJe  point,  but  not  long  enough  to  produce  any  effect  whatever 
upon  the  sounder  Sg,  which  remains  inactive. 

Condensers  Cj  and  Cj  are  connected  to  the  artificial  line  A  for 
the  purpose  of  compensating  the  static  discharge  of  the  lina 
The  adjustable  rheostats  Vj  and  V .,  are  used  in  order  to  regu- 
•te  the  action  of  the  condensers  and  render  their  charge  and 
iharge  nearer  the  same  duration  ba  that  of  the  lina 
An  independent  condenser  C  is  arranged  with  one  set  of  its 
^les  in  connection  with  the  main  line  L,  and  the  other  set  witk 
the  artificial  line  A. 

No  effect  is  produced  upon  this  condenser  by  the  outgoing 
current,  as  the  potential  of  the  latter  is  substantially  the  same 
on  each  side. 

The  incoming  current  from  the  distant  station^  meeting  with 

pthe  resist^ince  of  the  helices  M  M^,  flows  into  and  charges  the 

ndenser,  which  remains  charged  until  a  reversal  of  the  cun'ent 

takes  place  upon  the  line,  when  it  instantly  discharges  itself  and 
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sends  a  momentary  pulsation  through  the  electro-magnets  MMj, 
thus  tending  to  hasten  the  action  of  tlic  receiving  magnet  npon 
its  armature  at  each  revei-sal,  thereby  improving  the  signals  u| 
long  linea 

The  eflfeetive  action  of  this  condenser  may  be  much  iner 
if  desired,  by  angmenting  tlie  refc*iBtance  of  the  helices  M  Mj, 
or  by  inserting  additional  I'esistances  between  these  and  the 
junction  of  the  wires  leading  to  the  condenser  on  each  side. 

The  double  acting  receiving  instrument  here  described,  and 
shown  in  the  figure,  is  equally  serviceable  in  connection  With  the 
arrangement  of  main  batteries  illufitrated  and  described  on  pages 
3U  and  318, 

The  apparatus  has  been  tested  in  practical  service  upon  all  of 
the  longest  circuits  on  which  the  quadruplex  system  is  worked 
from  the  Western  Union  Telegi'uph  Company's  New  York  office^ 
and  continued  in  constant  nse  for  one  week  on  the  New  York 
and  Albauj%  circuit  with  very  satisfactory  results.  In  i-egular 
practice,  however,  it  has  been  found  preferable  to  use  two  inde- 
pendent relays,  thus  enabling  each  operator  to  adjust  liis  own 
instrument  d 

On  February  7,  1877,  a  test  was  made  on  a  direct  circtfl 
between  New  York  and  Chicago,  via  Pittsbui^gh,  Pa.,  a  dis- 
tance of  913  miles,  and  the  simultaneous  reception  of  two  com- 
munications in  the  same  direction  was  accomplished  at  a  sj>eed 
of  thirty  words  a  minute  on  each  of  the  respective  sounders  S» 
and  S3.  ^|M| 

Fig  152  shows  a  general  plan  of  the  quadruplex  apparatus 
now  in  use  on  the  lines  of  the  Western  Union  Telegraph  Coin* 
pany,  and  which  embodies  the  more  i-ecent  improvements. 

The  transmitting  devices,  both  in  conptruction  and  mode 
operation,  ai*e  j precisely  similar  to  those  referred  to  in  connection 
with  fig  151,  so  that  it  will  be  necessary  here  to  refer  only  to  the 
effect  produced  by  the  o|>eration  of  the  two  inde]>endent  transr 
ters  or  keys,  which  is  as  follows: 

1,  Key  Ki  and  Kj  both  open.    In  tiiis  fK>sition  the  ent 
battery  is  in  circuit.,  sending  to  the  line  a  negative  or  —  cur 
of  —  B  — 3B  =  — 4B. 
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%  Key  Ki  open  and  K^   closed.      In  this  case  batteiy  B 

konl J  is  in  cii^i^uit,  sending  to  tlie  lin'3  a  negative  or  —  cmTent  of 

3.  Key  Kj  closed  and  K^  open.  The  entire  battery  is  again 
in  circuit,  biit  in  this  case  with  the  positive  or  +  pole  to  the 
line,  sentiing  a  current  of  -}-  3  B  +  B  =  -|-  4  B, 

4  Key  K^  and  Kj  both  closed     In  this  position  the  batteiy 


Tonly  is  in  circuit,  sending  to  the  line  a  positive  or  +  current 
o£  +  B, 

Thus  it  will  be  undei^toofl  that  the  line  ia  caused  to  assume 
four  distinct  electrical  conditions,  corresponding  with  the  four 
possible  positions  of  the  keys  at  tlio  transmitting  station. 

The  receiving  apparatus  consists  of  two  sounders,  S|  and  S„ 
which  are  controlled  by  relays  R^  and  R^.  The  construction  of  R^ 
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is  the  same  in  e%'ery  particular  as  that  heretofore  described  ;  ill 
being,  in  fact,  simply  a  polarized  relay  capable  of  respoDdmg  1 
positive  and  negative  currents* 

The  relay  Rg,  however,  differs  materially  from  relay  B^  in  th^j 
an-angement  of  its  local  circuit  connections^  by  means  of  which  i 
the  sounder  Sg  is  operated  ;  and  the  improvement  ujixm  the  forni^ 
of  relay  heretofore  used  consists  chiefly  in  dispensing  with  on€ 
of  the  Bupplementaiy  contact  levers,  wliereby  the  ajiparatus  i*1 
not  only  gimplilied,  but  made  to  work  with  greater  facility  and 
certainty  through  lon^^  circuita 

The  normal  position  nf  the  apparatuf^  when  neither  key  at  the 
transmitting  station  is  depressed,  is  that  shown  in  the  diagram* 

The  manner  in  which  the  relays  Rj  and  R^  operate  in  eaehl 
of  the  four  eleclrtcal  conditions  of  the  line  mentioned,  so  as  ic 
cause   he  sounder  S^  to  respond  solely  to  the  movemcntij  of  key! 
Kj,  and  the  sounder  S,  in  like  manner  to  the  movements  of  keyi 
K5,  and  both  in  response  to  a  simultaneous  depression  of  keys 
Kj  and  K^,  will  !«?  understood  by  reference  to  the  following 
explanation : 

1.  Kj  and  K^  both  open,    A  negative  or — -current  froml 
both  batteries  (— 4B).     The  local  ciivnit  of  Rounder  Sj  is  kept 
open^  because  the  polarity  of  the  line  current  tends  to  hold  the] 
amiatui*e  h  of  relay  11  j,  on  its  back  stop  p.     Tlie  local  circuit 
of  sounder  Sg  is  also  open  between  armature  j  and  lever  r^j 
because  the  current  on  the  linens  siiffieieutly  powerful  to  over*^ 
come  the  spring  r^,  and  hold  aiTnature  j  against  stop  o;  thuB 
sounder  S^  remains  inactive. 

2.  Kj  open  and  K^  closed.  A  negative  or  —  current  from 
battery  B  only  { —  B),  The  local  circuit  of  sounder  Sj  re* 
mains  cipen  l>ctwet*n  stop  pj  and  armature  /*,  because  the 
polarity  of  the  current  is  such  as  to  ho  hi  the  latter  against  stop  j 
p.  The  action  of  this  current  upon  relay  R,  is  to  cause  its  arma* 
ture  j\  assisted  liy  spring  r^,  to  move  to  the  left  and  make  eon- 
tact  with  the  lever  r,  but  not  with  sufficient  force  to  overcome' 
the  Tctiuctile  spring  y^,  thus  leaving  armature  j  in  a  central 
position  between  stops  o  and  o^^  diereby  closing  the  local  circuil 
and  operating  sounder  S^. 
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3,  K,  closed  and  K^  open,     A  positive  or  +  current  from 
jth  batteries  (+  4  B).      This  current  causes  tlie  armature  h 

bf  relay  Rj  to  move  to  tlie  left,  thus  closing  tlie  local  circuit  at 
yp  Pi  and  actuating  scHiiKler  Si.  Tlie  armature^  of  relay  Rj 
is  also  stroMgly  attrac-tcil  toward  the  left,  pressing  against  the 
rielding  lever  r  with  sufficient  force  to  overcome  tlie  spring  q^, 
id  press  the  fonncr  against  the  stop  Oj,  thus  opening  the  local 
3Uit  of  sounder  S3. 

4.  Keys  K|  and  Kj   both  closed     Positive  or  -|-  current 
>in  battery  B  only  (+  B).    Relay  R^,  which  is  arranged  to  close 

its  local  circuit  by  positive  currents  of  any  strength,  actuates 
tphe  sounder  S^  precisely  as  in  the  third  case-  The  current  upon 
the  line  in  this  ciise  is  not  of  sufficient  strength  to  hold  the 
armature/  of  relay  R^  against  stop  o^:  consequently  it  moves, 
together  with  lever  r,  assisted  by  spring  ^j,  to  a  central  position, 
thus  closing  the  Icx'al  circuit  betweeji  armatni^  j  and  stop  q 
through  lever  r,  thereby  operating  sounder  S|.  When  the  amia- 
tare  /  of  relay  Rg  passes  directly  over  from  one  extreme  position 
to  the  other:  for  example^  from  step  0  to  Oj,  it  will  be  observed 
that  the  local  circuit  is  closed  for  an  instant,  but  not  long  enough 
to  produce  any  effect  whatever  upon  the  lever  of  sounder  S^. 

It  is  therefore  olivious  that^  with  the  apparatus  as  arranged 
above,  two  communications  may  be  Bimidtaneoiisly  transmitted 
over  a  single  conductorj  and  the  signals  recorded  with  facility 
and  accuracy. 

In  order  that  four  communications  may   lie  made  to  pass 

simultaneously  over  a  single  conductor,  it  is  only  necessary  to 

>mbine  the  apparatus  here  described  with  any  one  of  the  several 

aown  methods  of  simultaneous  transmission  in  opposite  direc- 

(tions.     The  arrangement  in  general  use  for  tlie  accomplishment 

this  purpose  upon  the  Western  Union  Telegraph  Company's 

aes  is  that  known  as  the  differential  methoii     A  system  of 

Eduplex  telegi'aphy  known  as  the  bridge  method  may  he  used 

stead  of  the  differential,  or,  instead  of  either  of  these,  a  com- 

[)ination  of  the  differential  and  bridge  methods.     In  practice  the 

atler  has  been  found  preferable^  more  especially  on  the  longer 
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circuits,  where  the  signals  have  to  be  retransraitted  automaticallj 
over  an  adjoining  circuit,  in  wliich  case  it  is  absolutely  essential^ 
that  the  signals  skoold  be  reeorded  perfectly  at  the  repeat* 
station. 

The  last  named  i>lan  is  in  openition  on  the  New  York  and 
Chicago  quadinipiex  circuit,  arranged  so  that  signals  from  Ne 
York  and  Chicago  are  at  Buffalo  automatically  retransmitted  h 
either  direction.  Before  considering  the  arrangement  for  repeat-' 
ing  from  one  circuit  into  another,  however,  it  will  first  be  well 
to  describe  the  different  instruments  more  in  detail  than  we  have 
yet  done.  A  few  words  also  regarding  the  setting  up  and 
adjustment  of  the  apparatus  will  not  be  out  of  place  here. 


DIRECTIONS  FOK  SETTING  TIP  THE  QUADRHPLEX. 

The  diagram,  figa  149  and  150,  will  sufficiently  expkio  th^ 
manner  in  which  tlie  instrument  should  be  set  up  and  cootie 

The  smaller  section  of  the  battery  B  usually  contains  aboul 
one  third  the  number  of  cells  that  the  larger  section  3  B  doea 
The  rheostat  z  should  he  as  nearly  as  possible  equal  to  the 
internal  resistance  of  (B-j-3B}=4B,  The  resistance  of  y 
should  be  equal  to  the  internal  resistance  of  the  portion  3  B  of 
the  battery. 


THE   DOUBLE   CtJEKENT   TRANSMITTER, 


This  is  represented  at  T^  in  figa  148,  149  and  150|  and  is 
opemted  by  the  key  K^  and  a  local  battery  e^,  usually  of  three 
cells.  The  double  current  transmitter  is  sometimes  constructed 
as  shown  in  fig.  153,  but  a  simpler  and  far  better  arrangement  has 
been  recently  introduced,  which  is  shown  in  fig*  164.  The  draw- 
ing is  an  end  view  of  the  tmnsinitter,  and  shows  the  pole  changing 
apparatus  distinctly.  The  Mljustable  contact  screws  a  and  a 
are  supported  by  and  are  in  electrical  connection  with  the 
P,  which  is  in  turn  connectetl  with  the  line  wire.  The  post, 
supports  two  contact  springs  S^  and  Sg,  which  are  insulated  from 
it  and  connected  by  wires  1  and  12  with  the  zinc  and  cop 


4 


338 


QLTADRUPLEX   TELEOBJLPHY, 


aljout  midway  of  the  stroke  of  the  lever  t^  the  springs  S    and  Sj 
will  both  be  in  coiiUvct  witk  it  at  the  same  time,  but  for  l] 
shortest  possible  period.     The  easiest  way  is  to  fimt  temporarilj 
adjust  the  upper  limitiag  stop  at  the  opposite  end  of  the  trans- 
mitter lever  ^^^  so  as  to  reduee  the  phiy  of  the  lever  to  ^j^  of  an 
inch,  or  about  half  the  ordinary  distance  allowed  for  a  stiunder. 
Then  gradually  raise   the  contact  screw  a  until  the  spriog  S^ 
barelv  touches  the  lever  f^,  being  careful  to  move  the  screw 
further  than  is   necessary  to  do  tbii.     Then  lower  the  coti 
screw  aj,  and  adjust  the  spring  S^  in  the  same  way.     Finally 
raise  the  limiting  stop  at  the  other  end  of  the  lever,  so  as  to  giv« 
it  the  usual  play  of  about  r^  of  an  iiiuk     In  its  vibration 
lever  t^  should  touch  one  of  the  springs  S^  or  S,  at  the  samMie 
instant  that  it  leaves  the  othen     If  the  springs  are  adjusteil  toei:^ 
far  apart  thei*e  will  be  a  break  in  the  circuit,  as  the  lever  wiLH 
bi*eak  conUict  with  one  spring  before  it  touches  tlie  other ;  if  too 
near  together,  the  battery  will  be  placed  on  short  circuit  too 
long,  from  one  contact  lieing  made  before  the  other  is  broken. 
By  c^arefid    adju.stmcnt  this  period  c^n  be  reduced  to  alm^^st 
nothing,  and  the  more  accurate  this  adjustment  the  better  will 
be  the  performance  of  the  apparatus.  * 

TIIE  SINGLE  CUKRENT  TRANSMITTEE. 
This  is  similar  to  the  transmittf?r  of  the  Stearns  duplex.  The 
]»lay  of  the  lever  of  the  tmnsmitter  should  be  about  ^  of  an 
inch  between  the  limiting  stops  and  the  contact  screw  A,  fig.  165, 
adjusted  so  that  when  the  key  is  closed  and  the  transmitter  in 
the  position  represented,  the  spring  B  will  l>e  slightly  separated 
from  the  contact  point  on  the  end  of  the  lever  D, 

THE  COMPODNT>  POLARIZED  RELAY. 

This  relay  is  represented  by  R,,  in  figs.  148  and  149»  and  the 
sounder  Cvonnected  with  it  responds  to  the  signals  given  by  the 
double  current  transmitter  at  the  sending  station.  The  relay 
consists  of  four  separate  electro-magnets,  arranged,  in  pairs,  with 
their  poles  facing  each  other,  upon  opposite  sides  of  a  double 
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fgjftfi  armature.    The  connections  and  principle  of  operation 

ive  already  been  explained  in  coonectioD  with  fig.  148*    The 

ovvt  udjuslment  ot  the  armatnn^  and  Iwal  conUiet  levei-s  ol 

relay  i^  u  matter  o£  much  importance,  and  the  following 

jlrections  should  be  carefully  observed ; 

Fig.  156  is  a  per&peelive  view  of  thu  coinpouud  relay,  showing 

^e  contiu^t  levei^  and  their  udjustmeuL     Tlie  electro- magnets 

M  should  be  luljustetl  by  mcarii*  of  the  cheek  nuts  at  the 

,  90  that  their  jioles  are  at  eipnJ  distances  from  the  opposite 

r  the  polarised  armature  a.    The  play  of  the  armature  lever 
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regulated  by  the  screw  stops  p,  and  p^^  which  limit  the  move- 

9ta  of  the  contact  levers  NKj  in  one  directioOi  while  the 

i/»j  and  p^  limit  them  in  the  other  diret?tiou.     To  adjust 

levers,  the  screws  p^  and  p^  Bhould  be  withdrawn  until  the 

ntact  points  nptm  the  armature  lever  a  are  touched  by  those 

the  levers  N  N^  upon  each  side,  so  that  tliP  hxral  circuit 

ftusB  tlirough  the  lever  from  N  to  N,  when  the  armature  is 

a  middle  position*  but  will  be  interrupted  bv  its  slightest 

1  either  direction.     The  play  allowed  to  the  contact. 

,«c  stops  jjj  and  p^  may  be,  with  advantage,  consider- 
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ably  leis  tJian  than  that  of  an  ordinary  relay.  The  proper  ten- 
sion of  the  springs  n  and  n^  depends  upon  the  condition  of  the 
line  current^  and  will  be  referred  to  hereafter. 


I^.  166, 


THE  STNGLE  POLABIZED  HELAY. 


This  is  shown  at  'R^,  in  fi^rs.  147,  14S  and  150,  and  i^  sii'    ' 
a  Siemens  polarized  relay,  which  phoiild  l>e  adjusted  with  a  i 
about  the  same  as  that  of  the  ordinary  Morse  relay.     This  may 
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be,  and  usually  ia,  constructed  in  the  same  form  as  fig.  156,  but 
without  movable  contact  levers  N"  Nj. 

ADJUSTMENT  OF  THE  APPARATUS  FOR  WOEKING. 

The  said  arraogements  ha\Tjjg  l>eeii  properly  made  at  both 
tions,  one  station,  which  for  convenience  we  will  call  station 
commences  by  sending  signals  from  t!ie  pole  changing  traos- 
itter  Tj,  having  l>een  careful  to  leave  key  K^  or  k^  of  trans- 
.tter  Tj  o[>en.  Station  B  then  signals  to  station  A  in  the  same 
ner,  whic;h  signals  will  be  received  upon  the  polarized  relay  R 
If  the  signals  come  reversed,  or  on  the  hack  stroke,  the  direc- 
tion of  the  incoming  current  through  the  relay  must  be  revei'sed. 
Station  A  next  instructs  B  t^o  ground  B  complies  by  turning 
the  arm  of  the  switch  Q  (fig.  149)  from  q^  to  q^^  which  sends 
the  incoming  current  direct  to  the  earth  through  the  resistance  Z, 
which  has  already  been  adjusted  to  equal  that  of  the  entire  bat- 
tery (Ej  4"  E«)-  Station  A  then  grounds  by  placing  his  own 
ifjch  in  the  same  position^  and  adjusts  his  polarized  relay  Rp 
that  the  armature  will  i*eniaiu  at  rest  indiflfercntly  ui>on  either 
lt»  front  or  back  contact  stop,  when  placed  by  the  finger.  Next, 
station  A  closes  the  single  current  tmnsraitttir  T^  by  means  of 
Kg  or  k^  ;  turns  the  switch  Q  back  to  its  original  position,  that 
18^  to  the  left,  sending  the  entire  battery  to  Una  The  resistance 
(fig.  150)  should  now  be  altered,  until  the  armature  of  the 
larized  relay  R^  remains  indlJlerently  on  either  side  vrheu 
led  by  the  finger  as  before.  When  this  is  accomplished,  the 
e  resistance  and  rheostat  resistance  in  X  will  be  et^ual 
To  obtain  the  electro-static  balance,  station  A  transmits  dots 
or  dashes  by  means  of  transmitter  Tj,  and  at  the  same  time 
alters  the  capacity  of  the  condenser  c^  c,  (fig.  149),  until  it 
utralixes  the  dischai^e  which  takes  place  at  the  end  of  each 
al,  and  is  manifested  upon  the  relay  R|.  The  electro-static 
balance  of  this  relay  insures  that  of  relay  Rj  without  further 
precaution.  Finally,  station  A  again  turns  swit4:*h  Q  to  the 
|ht,  upon  point   q^,  and  station  B    now  proceeds  to  obtain 
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the   same  way.     Having  aocomplished  this,  lio 


a  balance  in 
Tiotifieg  A. 

Station  B  is  then  requeti^ted  to  send  from  transmitter  T^,  leav- 
ing T^  opcti  or  at  rmt  The  signals  are  received  at  A  on  relay 
Bj,  and  at  the  .same  time  the  Bjirings  n  n^  (fig.  156)  of  the  coui- 
pound  relay  Rj  should  be  ]>ulled  up  sufficiently  to  hold  the 
armature  a  at  rest  in  a  central  position,  with  the  lo«?al  relav  or 
repeating  sounder  S  (tig.  149)  closed.  Next,  B  is  retjnested  b 
leave  transmitter  Tj  at  rest  avid  send  signals  on  Tj.  These  sig- 
nals should  be  received  at  A  upon  the  compotmd  relay  R^  only. 
With  enn*ents  of  one  polarity  the  armature  a  will  move  to  the 
left,  and  with  currents  of  the  other  polarity  t^:)  the  right,  bat  in 
either  case  it  should  operate  the  sounder  S^  by  mBXDs  of  th6 
local  relay  S,  When  the  armature  passes  from  one  extreme 
position  to  the  other  by  a  change  of  polarity  upon  the  hne,  the 
relay  should  not  give  a  false  dot  as  it  passes  the  central  position 
The  contact  points^  of  the  local  relay  or  rejveatiug  ^sounder 
should  be  adjusted  as  close  us  those  of  an  oRliniiry  relay. 

The  al>ove  described  apparatus  is  suitable  for  tise -upon  lines 
from  300  to  600  miles  in  length.  Ftjr  line^  under  300  miles  in 
length,  the  modiiication  of  the  apparatus,  shown  in  fig,  148,  anJ 
which  is  of  somewhat  simpler  construction^  is  usually  employei 

Simultaneous  tmnsmission  in  opposite  directions!,  at  the  rate 
of  fifty-eiglit  words  per  minute  each  way,  is  now  canned  on  be- 
tween New  York  and  Washington,  by  the  application  of  this 
quadruplex  raethwl  to  the  Phelps  electro- motor  printer.  This 
leaves  two  si<lea  free  for  exchanging  service  signals,  or  for 
carrying  on  two  separate  communications  by  the  Moise  appa- 
ratus. 

Tlie  arrangement  for  repeating  from  one  qnadrujdex  circuit 
into  another  is  very  simple  in  principk^,  and  consists  in  ]»lacing 
the  two  transmitters  of  one  line  in  the  same  local  circuits  with 
the  corresponding  receiving  sounders  of  the  other  line.  The 
details  are  more  fully  described  on  page  355.  By  this  arrange- 
ment New  York  is  enabled  to  carry  on  four  distinct  oominuni- 
cations  simultaneously  with  St,  Louis,  a  distance  of  about  1.100 
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milos,  by  meani^  of  a  qiiadruplex  repeater  at  Pittsburg ;  and  With 
Chicago,  1,000  miles,  by  iiiean^  of  a  repeater  at  Buftalcx 

Altliough  the  qiiadruplex  has,  in  a  great  measure,  taken  the 
place  of  the  duplex  upon  many  of  the  lines  between  the  moi 
importiint  telegraphic  centres,  the  latter  system  is,  nevenhelea^*] 
still  em|>loye<.l  to  a  considerable  extent  between  piintB  of 
importance  where  the  business  is  not  sufficient  to  keep  tht 
quadniplex  eoustantly  employ e<l;  and  in  numerous  cases  it 
forms,  in  connection  with  this  system,  both  a  convenient  and 
valuable  auxiliary  for  supplying  direct  communication  between 
several  different  stations  at  one  and  the  same  time. 

Tlieixj  are  various  ways  in  which  these  two  systems  maybe 
combined  so  aa  to  meet  the  numerous  requirements  of  the  ser- 
vice, hut  it  will  be  necessary  to  describe  and  illustrate  here  only 
such  as  are  now  in  actual  operation  and  by  experience  have  been 
fomid  serviceable. 

A  plan  of  the  apparatus  as  arranged  at  repeating  station,  form- 
ing the  common  tenninu.s  of  one  qnadruplcx  and  two  duplex  cir- 
cuits, is  shown  in  fig»  157-  By  this  combination  two  independei 
communications  passing  in  the  same  direction  over  the  quadra* 
plex  circuit  may  be  automatically  retransmitted  fj\>m  the  rcpeatri 
ing  station  over  two  separate  and  independent  duplex  circuil 
extending  to  different  {joints,  while  at  the  same  time  two  coi 
munications  passing  in  the  opposite  dimction  over  the  dupl 
circuits  may  be  rei>eated  into  and  over  the  quadruplex  circuit 

For  convenience  of  explanation  we  will  toke  an  actual  case,  a^ 
suppose  the  repeating  apparatus  to  be  placed  at  Boston,  which 
in  connection  with  New  York,  240  miles  distant,  by  quadruplex^ 
and  with  Duxbury  and  St  John,  respectively  40  and  469  miles 
distant  by  duplex. 

In  Older  to  effect  the  desired  retransmission  of  the  different, 
eets  of  signals  passing  through  the  apparatus,  it  is  neoessary 
form  separate  connections  between  the  several  receiving  ins^ 
mcnl5  and  the  transmitters  of  the  different  lines  into  which 
signals  are  to  be  repeated. 

This  is  done  by  means  of  the  local  circuits,  in  a  manner  which 
will  now  be  explained. 
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ordinarily  arranged  for  ningle  circuit  workings  the  relay  R, 
v^g*  167)  of  the  New  York  line  L,  opemte^s  the  sounder  S^  by 
jueans  of  the  local  battery  B  j ;  and  key  k^^  the  transmitter  ^^^  of  the 
Daxbury  line  L^,  by  means  of  the  local  e^*  For  direct  through 
workings  however,  and  in  order  that  the  received  New  York 
^nignals  may  l)e  communici4te<l  from  the  relay  R,  to  tlie  transmit- 
ter <j,  and  thus  be  repeated  into  the  Duxbury  linej  a  switch  or 
button  vj^  is  so  arranged  that  it  forins^  when  closed,  a  part  of 
each  of  tlie  two  sepamte  loc:a!  uirtniit^  (3oiktainiug  the  relay  R|  and 
the  transmitter  ij,  but  when  oi>ea  throws  the  two  circuits  into 
one,  so  that  relay  R^  operates  the  transmitter  t^  as  well  as  the 
gounder  S^. 

In  a  similar  manner  the  circuity  including  sounder  5^  of  line  L| 

combined  with  that  containing  the  transmitter  T^  of  line  L, 
y  means  of  the  button  Wj,  while  the  button  W,  connects  the 
1  circuit  of  R,  in  line  L  with  that  of  the  transmitter  i^  in 
the  St.  John'i^  line  Lg, 

Another  button  w^  in  like  manner  also  connects  the  local 
circuit  of  relay  r  J  in  line  L^  with  that  containing  the  transmitter 
Tj  of  line  L. 

When^  therefore,  the  buttons  W^  Wg,  w^  and  w^  are  all 
cloeai^  the  three  main  lines  L,  L^  and  Lj  may  be  operated  inde- 
pendently ;  the  New  York  line  as  a  quadruplex  and  the  Duxbury 
and  St  John's  lines  as  separate  duplex  circuits. 

When,  on  the  other  hand,  the  buttons  are  all  open  and  the 
ftwitches  of  keys  Kj  K,^  k^  k^  closed,  New  York  is  able  to 
transmit  simultaneously  two  indej>endent  communications  over 
the  line  L  to  Bost^m,  whei-e  one  of  them  will  then  be  automati- 
cally retransmitted  by  the  relay  R^  and  transmitter  t^  over  line 
L(  to  T>uxbury,  and  the  other  by  relay  R^  and  transmitter  t^ 

I  over  line  L^  to  St  John's.  While  this  is  being  done  Duxbury 
fend  St  John's  may  also  send  communications  simultaneously 
in^cr  lines  L,  and  Lj  respet?tively  to  Boston,  where  relays  r^  and 
fj  will  then  repeat  them  into  line  L  and  to  New  York.  It  will 
thus  be  seen  that  New  York  has  practically  separate  duplex 
circuits  to  Duxbury  and  Si  John's,  and  that  any  or  all  of  the 
4iorrespoiidence  may  be  read  at  Boston. 
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By  properly  arranging  the  buttons  W^  W^.w^  and  w^,  eithe 
line  of  communication  may  be  worked  through  direct  or 
divided  at  Boston  without  reference  to  what  is  being  done  on  the 
other.     The  manner  of  effecting  thia  will  be  sufficiently  obvic 
without  further  explanation. 

We  have  thus  far  considered  that  the  signals  transmitted 
New  York  and  retransmitted  at  Boston  into  line  Lg  were  copied 
at  St  John*s,  N.  B.  It  is  pn  )per  to  state,  however,  that  in  prac- 
tice New  York  and  North  Sydney,  C.  B.,  work  the  line  together 
duplex,  a  distance  of  1,159  miles,  by  means  of  a  second  duplejc 
appai^tus  at  St  John's,  constituting  with  the  first  a  duplex 
i*e|>eater. 

A  modification  of  the  plan   shown  in  fig.    157,   and   just 
descrit»ed,  has  developed  a  much  wider  field  for  practical  oj>er 
tion.     This  consi>sts  in   dispensing   with   one  duplex    eircui 
Thus,  for  example,  if  the  Duxbury  line  Lj,  and  the  apparatuir 
connected  tliemwith  be  removed,  it  w^d!  reii^lily  be  xinderstoi 
from  what  we  have  already  said,  that  New  York  and  Ni 
Sydney  would  still  be  able  to  work  duplex,  while,  at  the  sams- 
time  also,  New  York  and  Boston  could  work  duplex  together 
without  regard  to  wliat  is  p^issing  between  the  two  former. 

Before  describing  the  manner  of  working  the  quadruplex  ia 
connection  with  the  contraplex  or  diplex  systems,  it  will  first  ba^H 
well  to  devote  a  few  words  to  the  consideration  of  these  system^^^ 
alone. 

The  terms  cojitraplex  and  dii)lex  are  here  apjdied  as  specific 
names  for  designating  clearly  the  way  in  which  the  particular 
simultaneous  double  transmission  to  which  we  wish  to  refer  is  ef- 
fected Thus,  for  instance,  two  messages  may  be  sent  over  a  single 
wire  in  the  same  or  in  opposite  directions,  and  when  we  do  not  care 
to  particularize  either,  we  simply  allude  to  them  under  the  more 
common  generic  name  of  duplex  transmission^  which  includes 
both.  When,  however,  we  wish  to  speak  of  either  method  by, 
itself,  we  use  the  term  diplex  for  simultaneous  transmission  ia 
the  same  direction,  and  cxmtraplex  for  that  in  opposite  dtrecftian& 
As  these  terms  are  unt  in  very  general  n^,  this  explanation  het^^ 
will  not  be  out  of  place. 
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Figa  158  and  159  show  the  application  of  a  contraplex  sys- 
tem, in  which  one  set  of  signals  are  made  by  a  series  of  changes 
in  the  polarity  of  the  oiirrent,  and  the  other  by  changes  in  its 
Ftrength. 

In  fig.  158,  f|  IS  the  lever  of  a  double  current,  or  [x>le  chang- 
ing tJtinsmitter,  which  is  operated  by  an  electro-magnet  Tj,  local 
battery  and  key  K,. 

The  construction  and  o})eration  of  this  transmitter  is  fully 
described  on  pages  337  and  338, 

At  stiition  B^  the  i*eceiving  instniment  Rj,  having  a  polarized 
armatiu'e,  is  phiced  in  the  circuit  of  the  line,  and  in  consequence 
of  the  polarity  of  its  armature,  will  respond  U>  each  revei'sal  of 


Stttticn'  A, 


Si&licn  B. 


I 


Fig.  158. 

the  current  upon  the  line,  produced  by  tbe  movement  of  the 
double  current  tmuamitter  ifj,  and  will  open  and  close  the  local 
circuit  of  the  sounder  Sj,  giving  signals  corresponding  to  the 
movements  of  the  key  Kj  at  station  A. 

The  line  at  station  B,  after  passing  through  the  receiving 
instrument  R^»  is  conducted  to  the  esirth  at  Gj, 

A  rheostat  X  is  inserted  l>etweeu  the  receiving  instrument  R^ 
and  the  earth,  the  resistance  of  wliiirh  may  be,  say,  from  two  to 
four  times  as  great  as  that  of  the  line,  A  key  Kj  is  connected 
with  the  line  in  such  a  manner  as  to  shunt  the  rheostat  X  by  a 
dicuitof  practically  no  resistance  each  time  the  key  is  depressed. 
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In  order  that  the  operator  may  be  able  to  hear  hia  own  sig- 
nals, the  key  K^  is  provided  with  a  spring  contact  ami  jfc,  which, 
when  the  key  is  depressed,  is  brought  in  contact  with  the  stop  J, 
thus  shunting  the  rheosUit  X,  and  giving  the  signal  at  stiition  A* 
llie  ordinary  contact  pi>iiit  of  the  key  at,  or  nearly  at,  the  same 
time,  strikes  upon  its  anvil,  and  closes  the  circuit  of  the  local 
Imttery  e  through  the  sounder  t^  and  thus  duplicates  the  signal 
sent  to  the  other  station* 

At  station  A  a  receiving  instruoient,  Rj,  having  a  neutral 

armature  and  adjustable  spring  r,  is  placed  in  one  of  the  wires 

leading  from  battery  E  U>  the  double  euiTcnt  transmitter.     The 

armature  of  the  receiving  instruinent  B^  opens  and  closes  the 

local  circuit  of  the  sounder  Sg,  in  the  ordinary  manner.     The 

■retractile  spring  r  of  the  receiving  instrument  R^,  should  be 

^■tiuineil  up  to  a  sufficient  tension  to  withsUnd  the  attraction  of 

Bbe  electro-magnet  when  the  rheostat  X  is  in  circuit  at  the  other 

station,  while  it  will  be  ciisily  overcome  by  the  increai?cd  force  of 

^he  line  current^  wliich  results  fixun  the  shunting  of  the  rheostat 

fK,  and  the  consequent  removal  of  its  resistance  fi-om  the  circuit 

^whenever  the  key  Kj  is  depressed. 

By  placing  the  receiving  instrument  Rg  in  one  of  the  wires 
eading  from  the  batteiy  to  the  ik>1c  changing  transmitter  t^,  the 
lirection  or  polarity  of  the  current  traversing  its  coils  is  never 
bhangedj  and  eonsec[nently  its  armature  has  no  tendency  to  fall 
pft  when  the  current  is  reverse*!  upon  tiu^  line. 

It  is  ob\dous  that  any  I'eqiiired  number  of  receiving  instru- 
nents  similar  to  Rj,  accompanied  with  the  other  apparatus 
[lown  and  descrilied  at  station  B,  may  he  placed  in  the  circuit 
of  the  line  at  way  or  intermediate  stations,  all  of  which  will 
simultaneously  respond  to  the  signals  given  by  the  key  Ki  and 

■transmitter  l^. 
i   Fig.  159  is  a  modification  and  extension  of  the  system,  so 
arninged   as  to  be   eajinble   of   either   transmitting  two   com- 
munications simultaneously  in  the  same  direction,  or  one  in  each 
direction,  at  pleasure. 
If  the  keys  Kj  and  K^  are  operated  at  the  same  time,  the 
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former  Will  control  the  polarity  and  the  latter,  the  strength  of  the 
current  going  to  line  from  the  battery  E. 

At  the  terminal  sttition  B,  as  well  as  at  tlie  intermediate 
station  C,  I'eceiviog  iostniments  R^  and  R5  are  made  use  of,  th^ 
construction  and  operation  of  whk-h  are  fully  described  on  page» 
388  and  340. 

The  polari^d  armature  a  plays  between  two  contact  levera 
and  Np  which  are  held  agaiiLst  the  stops  q  and  q^  by  springs 
and  fj ;  the^e  springs  being  &^ trained  up  to  a  tension  sufficient  U: 
resist  the   electro-magnetic  action  of  the  weak  current^  whii 
traverses  the  line  when  the  rheostat  X4  is  put  in  circuit  by  th 
opening  of  key  K^,  Vjut  which  will  readily  bo  ovei-come  by  tb 
stronger  current  which  passes  when  the  rheostat  is  cut  oiit|  b^ 
the  depression  of  key  K^. 

The  li:)cal  relays  M  M,  between  the  receiving  instruments  R^ 
and  R^,  and  their  respective  sounders  S4  and  Sg,  at  stations  EBt- 
and  C,  wlien  arrTmged  in  this  manner,  is  a  well  known  device  foxr" 
revenging  the  ifjiguala  of  the  relays,  in  oixler  that  they  may  appear^ 
€on*ectly  upon  the  sounder, 

ThiLs  it  will  be  uodei'stowl  that  the  sounding  or  i-ecording" 
instruments  S^  and  Sj  at  stations  B  and  C^  will  resjKjnd  eacb 
time  the  key  K^,  at  station  A,  i*s  depressed,  while  in  like  manner 
the  sounders  Sj  and  S3,  at  stations  B  and  C,  will  mspond  each 
time  the  key  K|,  and  tmnsmitter  ij,  at  station  A,  is  operated- 

The  rheostats  X,  X3,  and  X^,  are  cut  out  of  the  circuit  when 
the  operattjrs  at  the  respective  stations  are  not  using  the  line  by 
means  of  the  switches  W^,  W^  and  W4,  precisely  as  in  the 
case  of  the  ordinary  closcid  Morse  circuit 

In  order  to  transmit  corimiunications  in  opposite  directions  at 
the  same  time,  the  operator  at  station  A  will  use  key  K^  and 
the  operator  at  station  B  or  C  will  use  key  Kg  orK^. 

With  the  apparatus  constructed  and  arranged  as  in  fig,  159,  the 
opemtion  may  be  briefly  summed  up  as  follows ; 

When  key  K,  is  operated  sounders  Sj  and  S3  will  respond 

When  either  Kg,  K^,  or  K^  is  operated  by  first  opening  the 
switches  attached,  sounders  Sg,  S4  and  Sj  will  respond. 


COMBINED  DIPLEX  AND  CONIRAPLEX  SYSTEMS,  351 


I  It  will,  tberefore,  be  readily  under^jod  that  the  f»jllowirig 
results  may  be  obtained  : 

1,  Station  A  may  send  a  message  to  C,  and  C  at  the  same 
^tirne  send  one  to  A,  both  of  which  mjiy  be  read  at  B. 
^P     2.  A  may  send  a  message  to  B,  and  B  at  the  same  time  send 
one  to  A,  V)oth  of  which  may  be  read  at  C. 

3,  A  may  send  a  message  to  C,  and  at  the  8ame  time  B  may 
eend  one  to  A,  which  latter  may  also  be  read  at  C 
^ft     4.  A  may  send  a  me.^^.sage  to  B^  and  at  tbe  same  time  C  may 
^«?nd  one  to  A,  which  latter  may  also  be  read  at  B. 

5.  A  and  C  may  sinndtaneously  send  messages  to  B^  the 
latter  of  which  ma}^  be  read  at  A. 

6.  A  and  B  may  simalttmeously  send   messages  to  C,  the 
latter  of  which  may  be  read  at  A. 

K     7.  A  may  send  me^^ages  to  B  and  C  at  the  same  time, 

8.  A  may  send  two  messages  simultaneously  to  B,  both  of 
^which  may  be  read  at  C. 

^9,  A  may  send  two  messages  simultaneously  to   C,  Ixjith  of 
hich  may  Im»  i\:*ad  at  B. 
10,  B  and  C  can  work  together  singly,  pi'ecisely  as  in   t!ie 
-ordinary  closed  circuity  Morse  system ;  and, 

IL  When  it  is  not  reiiuiiXHl  to  work  duplex,  A  can  signal 
B  or  C  with  either  of  his  two  keys. 

All  the  results  which  have  been  described  are  accomplished 
by  means  of  a  single  main  battery  E,  placed  at  one  terminal 
station  A. 

Fig.  160  i^epreaonts  a  combination  of  the  atove  system  with 
the  quadriiplex  at  a  common  terminal  station,  at  which  the 
connections  are  so  arranged  as  to  allow  of  the  repetition  of  signals 
from  one  circuit  into  the  other. 

Taking  an  actual  case^  as  before,  we  will  suppose  the  repeating 
appamtus  t^^  be  lo<2ated  at  New  London,  which,  for  convenience, 
maybe  designated  as  station  A,  This  in  in  commujiication  with 
New  York,  126  milea  distant,  by  a  quadruplex  wire  L,  and  with 
Norwich,  Conn.,  and  Worcester,  Mass.,  by  the  line  L|,  78  miles 
in  length,  the  former  being  an  intermediate  and  the  latter  a 
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terminal  office,  which  we  will  designate  respectively  as  statiom 
B  and  C. 

The  apparatus  at  station  A  consists  of  a  complete  set  of 
quadiTiplcx  instniments  and  a  set  of  the  instruments  shown  ia 
fig.  158,  both  of  which  have  already  been  described;  con^BC* 
quentljj  it  will  only  be  necessary  now  to  show  the  manner  in 
which  they  are  worked  conjointly. 


*S-E 


Fig.  160. 

The  switch  or  button  w^  is  so  placed  between  the  local  bat- 
teries B^  and  fp  that  when  clost^l  it  forms  a  pirt  of  each  of  the 
two  locid  circuits  containing  the  ^>oundeT  S^  and  transmitter  i^, 
hilt  when  open  the  separate  circuits  are  combined  into  one ;  atjd 
if  the  key  /c^  be  closed,  the  relay  E^  then  operates  both  sounder 
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Sj  and  transmitter  t^j  and  thus  repeats  the  signals  coining  from 
line  L  into  line  L^  and  to  sta lions  B  or  C. 

The  local  cinjiiit  containing  the  sounder  s^  is,  in  a  similar 
manner,  separated  from  or  combined  with  that  containing  the 
transmitter  Tj  by  means  of  the  button  Wj.  In  the  latter  case, 
relay  r^  opemtes  transmitter  Tj  a.s  well  as  sounder  5j,  and 
thereby  repeats  the  signals  from  Lj  over  line  L  to  New  York. 

The  sounder  Sg,  which  is  operated  by  the  relay  R^  of  line  L, 
may  be  an-anged  in  connection  with  wires  1  and  2  and  button 
W2f  so  that  when  the  latter  is  closed  and  key  k^  opened  the 
shunt  around  the  rheostat  X  is  thei^eby  extended  through  lever 

»ftnd  contact  o  of  sounder  Sg ;  and  thus  a  second  set  of  signals, 
ceived  f mm  New  York  on  relay  Rg,  at  station  A,  may  also  be 
peated  into  line  L  and  to  stations  B  and  C. 
The  signals  produced  by  the  transmitter  T^,  when  key  Kg  is 
operated,  arc  received  at  New  York  Mj>on  a  sounder  conTspnnd- 
ing  to  that  of  Sg  in  the  figure. 

It  will,  therefore,  be  seen  that  with  the  apparatus  thus  antmged 
the  following  results  may  be  obtitincd: 
1.  New  York  may  sentl  a  message  to  station  C,  and  at  the 
ne  time  C  can  send  one  to  New  York,  and  l>oth  be  read  at  A 
id  B. 

1 2.  New  York  may  send  to  B,  B  to  New  York,  and  both  be 
ad  at  A  and  C. 

[3,  New  York   may  send  to  C,  and   be   read  at  A  and  B, 
bile  at  the  same  time  B  may  send  to  New  York,  and  be  read 
"it  A  and  C. 

4  New  York  may  scntl  to  B,  and  be  read  at  A  and  C, 
while  C  may  send  to  New  York,  and  be  read  at  A  and  B. 

6*  New  York    may  send    to    B,  and  be  i*ead  at  A  and  C, 

while  C  also  may  send  to  B,  and  be  read  at  A  and  at  New  York. 

61  New  York  may  send  to  C^  and   be  read   at  A  and  B, 

while  at  the  same  time  B  may  also  send  to  C^  and  be  read  at  A 

^ud  New  York. 

PSV.  New  York  may  send  to  B,  and  be  read  at  A  and  C,  and 
at  the  same  time  A  may  also  send  to  B,  and  be  read  at  C  and 
lew  York. 
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8.  New  York  may  send  to  C,  and  be  read  at  A  and  B^  and 
at  the  siime  time  A  may  also  send  to  C^  and  be  read  at  B  a&d 
New  York 

9.  New  York  and  station  A  iriay  work  duplex  conlixio- 
ously,  without  regard  to  what  is  passing  between  stations  A,  B 
and  G 

10.  New  York  may  send  two  messages  simultaneously  to 

A,  one  of  which  may  be  read  at  B  and  C,  and  at  the  same  time 
two  communications  m^j  pass  over  the  line  to  New  York  one 
from  A  and  the  other  from  G,  the  latter  of  which  may  be  read 
at  A  and  B. 

11.  New  York  may  send  two  messages  simultaneously  to  A, 
one  of  which  may  be  mad  at  B  and  C,  and  at  the  same  time  two 
may  pass  simultaneously  over  line  L  to  New  York^  one  from  A 
and  the  other  from  B,  the  latter  of  which  may  be  read  at  A 
and  C. 

12.  New  York  may  send  two  messages  simultaneously  to  B^ 
both  of  which  may  be  read  at  A  and  C^  and  at  the  same  time 
rec^eive  two  fi-om  A. 

13.  New  York  may  send  two  messages  simnltaneoosly  to  C^ 
both  of  which  may  be  read  at  A  and  B,  and  at  the  same  time 
receive  two  from  A, 

14  New  York  may  send  two  messages  simultaneously,  one  to 
A  and  the  other  to  C,  the  latter  of  which  may  be  read  at  A  and 
B ;  and,  at  the  same  time,  receive  two,  one  from  A  and  one 
from  C,  the  latter  of  which  may  be  read  at  A  and  B. 

15.  New  York  may  send  two  messages  simultaneously,  one 
to  A,  the  other  to  B^  and  the  latter  l>e  read  at  A  and  C ;  and^ 
at  the  same  time,  receive  two,  one  from  A  and  the  other  from 

B,  the  latter  of  which  may  be  read  ai  A  and  0, 

16.  New  York  may  receive  two  messages  simultaneously 
from  A,  and^  at  t!ic  same  time,  tmnsrait  two  distinct  communi- 
cationa,  one  to  B  and  one  to  C,  or  both  to  either  station  aep- 
arately,  and  l>oth  may  be  read  at  A     Finally, 

17.  Station  A  may,  by  pniperly  arranging  the  buttons  f«7j, 
w^  and  W^,  divide  the  two  lines  L  and  L^,  and  operate  each 
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separately  ;  the  fonner  as  a  quadruplex  wire  to  New  York,  tlie 
I     latter  as  contniplex  or  cliplex  to  B  and  C. 

^^     Fig,  161  shows  a  plan  of  connecting  the  apparatus  at  a  station 

^■bnning  the  common  terminus  of  two  quadruplex  cii-cuits,  so 

^as   to  repeat  from  one  into  the  other.     We  will  suppose  the 

station  to  be  Cle%' eland,  ancl  that  L|  represents  a  quadruplex 

wire  extending  from  that  point  to  Buffalo,  a  distance  of  183 

ile^,  and  L^  a  similar  wire  between  Clevelafid  and  Cincinnati, 

distance  of  250  miles.     The  apparatus  comprises^  in  addition 

two  complete  sets  of  quadruplex  instruments,  the  four  button 

itches,  W,  Wp  Wj,  and  W^,  which  ser\^e  for  giving  direct 

ugh  communication  between  Buffalo  and  Cincinnati,  or  for 

■dividing  the  wires  and  thus  allowing  each  of  them  to  be  worked 
beparately. 
f  For  clearness  of  illustration,  the  relays,  as  shown  in  the  figure^ 
are  not  wound  differently,  and  the  rheostats  and  condensers  form- 
pg  the  artificial  lines  have  been  omitted. 
^  The  arrangement  of  the  Itxjal  circuits  of  the  several  relays 
Rj,  Rj,  r^  and  r^^  so  that  they  may  be  separated  from  or  com- 
bined with  those  of  transmittei's  t^,  t^y  T^  and  Tg  respectively, 
by  means  of  the  buttons  W,  W^,  W^  and  W^,  is  precisely  the 
same  as  that  shown  in  fig.  157,  for  repeating  from  one  quadru- 
plex into  two  duplex  circuits,  and  vice  verscL 

It  will  therefore  be  understood,  fn^m  what  has  already  been 
d,  that  w^hen  the  buttons  are  all  open,  and  the  keys  Kj,  K^^ 

IJfc^  and  i,  closed,  Buffalo  may  transmit  two  communications 
fanultaneously  over  the  line  L,  to  Cleveland,  where  they  will 
Ifcen  be  automatically  retransmitted,  one  by  relay  r^  and  trans- 
pitter  Tjj  the  other  by  relay  r^  and  transmitter  Tj,  over  line  L^ 
Id  CincimiatL  The  latter  station  may  als<^  transmit  two  inde- 
pendent messages  at  the  same  time  to  Cleveland,  where,  in  tiirn^ 
I  they  will  be  retransmitted,  one  by  relay  R^  and  transmitter  /j, 
and  the  other  by  relay  R,  and  transmitter  ^,,  over  line  L^  to 
I      Buftilo. 

By  simply  closing  the  buttons  W^  W^,  W^  and  Wj,  the  two 
dicuits  may  be  divided  at  Cleveland,  and  worked  separately. 
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In  regxdar  practice,  however,  the  circuits  are  worked  in  the  fol- 
lowing nxf^nner,  so  ns  to  facilitate  tlic  exchange  of  business 
between  the  three  points  before  nieiitioned ; 

The  buttons  Wj  and  W3  are  closed  and  W  and  W^  opened- 
When  thus  arranged^  BulTalo  and  Cincinnati  ai'e  enabled  to  work 
together  duplex,  and,  at  the  same  time,  Cleveland  may  work 
duplex  to  Buffalo  over  line  L^,  and  to  Cincinnati  over  hne  L,. 
The  transmitter  t^  and  relay  r^  of  line  Lj  are  so  located  on  the 
desk  or  table,  with  regard  to  the  corresponding  apparatus  of  line 
L,,  as  to  facilitate  the  adjustment  of  the  several  instrumenta 

Quadruplcx  repeaters  are  similarly  arranged  for  facihtating 
the  exchange  of  business  between  numerous  other  points  on  the 
lines  of  the  Westeni  Union  Telegi^apli  Company,  among  which 
may  be  mentioned  Boston,  Albany  and  Buffalo ;  Buffalo,  De- 
troit and  Chicago  ;  and  New  York^  Hartford  and  Providence. 

A  combination  of  the  two  metliods  of  dujjlex  telegraphy, 
known  as  the  bridge  and  differential  systems,  but  differing 
niiitenully  in  arrangement  from  that  shown  on  page  311,  is  also 

Sd  in  practice.  At  Buffalo  two  complete  sets  of  quudruplex 
)aratus,  on  this  plan,  are  arranged  by  connecting  the  local 
;uits  in  precisely  the  same  manner  as  showu  in  fig  Ifil^  for 
eating  signals  from  one  circuit  into  another,  and,  by  this 
ans,  New  York  and  Chicago  are  enabled  to  exchange  four 
communications  simultaneously,  over  a  single  wire,  between 
these  points. 

A  second  wire  between  New  York  and  Chicago  is  equipped 
with  the  quarlruplex  apparatus,  and  precisely  the  same  arrange- 
nieot  as  the  above  is  made  at  Buffalo  for  repeating  from  one 
circuit  to  the  other.  At  New  Yoi*k,  however,  the  connections 
are  such,  that  while  its  office  and  Chicago  are  working  duplex 
on  one  side,  the  latter  may  also  work  dui)lex  on  the  other  side 
with  any  one  of  two  or  more  branch  offices  in  New  York.  The 
manner  in  which  this  is  done  will  readily  be  undei*stcx)d  from 
fig,  162  and  the  tjllowing  explanation,  which  relate  to  the 
arrangement  for  a  Bost^m  wire,  where  it  was  first  used ;  the  one 
for  the  Chicago  line,  however,  is  just  the  same : 
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The  complete  qnaclniplex  set  m  connection  with  the  line  L  is 
smppoaed  to  be  at  the  New  York  main  office*  Sounders  Sj  ikiid 
S4,  and  key  k^^  at  a  branch  office  in  the  city,  which  we  will  call 
station  A  ;  and  the  appai^atus  consisting  of  sounders  s^  and  S,^ 
repeating  relay  m^^  key  k^  and  l(x:al  battery  c^,  at  a  second 
branch  office,  which  we  will  call  B, 

In  order  to  provide  for  the  simultaneous  receptiou  of  two 
indeiiendent  communications  over  line  L,  from  Bot^ton,  one  of 
which  shall  l>e  received  upon  relay  R^  and  sounder  S^,  and,  at 
the  same  time,  also,  upon  sounder  s^  at  station  A,  and  that  the 
other  shall  be  received  iipoii  relay  R^,  sounder  S,  and  upon 
sounder  5j  at  station  B  u.s  well,  while  separate  communicatioiis 
are  at  the  same  time  being  sent  to  Boston  from  each  of  the  two 
stations  A  and  B,  it  is  only  necessary  to  connect  the  local  or 
branch  lines  with  the  relays  and  transmittei'S  of  the  qimdruplex 
aj>paiutus  at  the  main  office  in  the  manner  shown  in  the  diagram 
(fig.  162).  Here  the  route  of  the  local  or  bmnch  wnre  of  the 
relay  R^  may  be  traced  from  the  earth  plate  G^,  at  the  main 
office,  to  battery  c,  wire  1  and  armatui^  of  relay  R^  to  sounder 
S^,  and  thence  by  wire  1^  to  sounder  s^  and  earth  Gg  at  station 
A.  The  route  of  the  branch  circuit  of  relay  R^  is  from  earth 
plate  Gg  to  battery  e^,  wire  2,  armature  of  repeating  sounder  M 
and  sounder  S21  and  thence  by  line  I3  to  sounder  a^  and  earth 
G4  at  station  B.  The  routes  of  transmitters  T 
be  similarly  traced.  It  will  be  noticed, 
arrangement  of  the  branch  line,  as  well  as  local  connections  of 
tmnsmitter  Tg^  differ  materially  from  those  of  T^,  as  in  its  nor- 
mal  position  the  former  should  remain  open,  and  thus  leaTe 
only  the  smaller  portion  of  the  main  battery  on  the  Una  The 
keys  Kj  and  k^  are  not  provided  with  circuit  closing  switches, 
and  contati't  is  made  at  the  back  poiotj  instead  of  the  front^  as  in 
the  orfUnary  form.  The  normal  position  of  these  keys  is  that 
shown  in  the  figure,  in  which  they  close  the  branch  circuit  and 
cause  the  armatures  a  and  a^  of  repeating  inlays  m^  and  ttj,  to 
be  attracted,  and  thus  break  the  local  circuits  of  transmitter  Tj 
at  the  main  office,  and  sounder  S,  at  B,     By  depressing  K,  or 


^  and  Tj  may 

however,    that   the 
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ij,  and  consequently  breaking  the  branch  circuit,  the  armatures 

of  the  repeating  relays  m^  and  m^  will  be  released,  and  the 
local  circuits  of  transmitter  Tg  and  sounder  Sg  will  be  closed 
simultaneously.  The  operator  at  B  is  thus  enabled  to  hear  his 
own  or  other  signals  that  are  being  transmitted  by  the  main  ^m 
^^  other  office  on  the  brfinch  line. 

•l«H--Tt 


Ajl., 


fL'jL, « .,5.4 ^ 


Fif/,  162. 

It  will  therefore  be  sufficiently  obvious  that  the  ?*if/nals 
,iBceived  from  the  line  L  iiiyon  relay  Rj  and  s^:mHder  S^  at  the 
I'main  office  can,  with  equal  facility^  be  read  from  sounder  a^  at 
[  Btation  A,  while  the  latter  office  at  tlic  same  time  may,  by  dcpres?*- 
'ing  tlie  key  k^^  and  consequently  operating  somider  S4  and 
transmitter  T^,  he  sending  signals  to  Boj^ton  or  to  some  bmnch 
office  at  that  placa     In  a  similar  manner  and  at  the  same  time, 
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station  B  may  ^YO^k  duplex  witli  another  branch  office  at  Bic 
{){  which  at  that  pluce  tliere  ai'c  five  on  one  side  of  the  quwirVi 
plex  and  two  on  the  othen     The  liahincing  and  adjiLsting  of  it 
quadniplex,  it  will,  of  course,  he  xmderstood,  is  all  doa6  at  the 
main  office. 


Tii/.  1G3. 


The  quadruplex  Is  also  arranged  to  work  in  connection  wit 
a  single  direct  circuit  containing  any  number  of  othces,  and  th 
pluu  has  been  found  to  serve  an  excellent  purpose  in  practice, 
csomnmnicatiou  can  thereby  be  maintained  between  a  diatan 
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>fBce  on  the  quadruplex  cironit  and  any  one  of  the  number  on 
'^le  single  wire  line, 

IFig,  163  shows  the  tletiiils  of  tho  arrangement  its  adopted  at 
Bt  Louis,  for  automatically  repeating  from  one  ciiTuit  into  the 
other,  the  outfit  consisting  ol  one  complete  set  of  quadruplex 
Bjiparatiis  and  portions  of  a  MillikiMi  repeater.  The  line  L,  ex- 
tending to  Chicago,  280  miles  distant,  is  conneeted  with  the 
quadruplex  relays;  and  line  L,,  extending  to  Kan.^as  City, 
Atchison.  Leavenworth  and  St.  Ja^eph,  with  the  Millikea  re- 
lay Tj.  The  local  cirttuit  of  this  relay  m  separated  from  or  con- 
nected with  that  of  the  transmitter  Tj  by  means  of  the  switch 
Wj,  in  precisely  the  siime  manner  as  in  the  preceding  cases, 
and  by  means  of  the  switch  W^,  the  local  circuit  of  relay  R^ 
ay  be  exten^led  through  the  transmitter  f  j,  or  disconnected 
'therefrom  at  pleasure.  With  the  switch  Wj  turned  to  the  right, 
for  example,  as  shown  in  the  figure^  the  local  circuit  may  be 
d  from  the  switch  to  local  battery  Eg,  wire  1,  transmitter  t^ 
Wnd  wire  2  to  relay  Rj^  thence  by  wire  3,  sounder  Sj  antl  bat- 
tery Ej  back  to  the  switch  again.  When  it  is  turned  to  tlje  left, 
battery  E^  and  transmitter  t^  arc  thrown  out  of  circuit  and  relay 
iR^  oi>erati\s  sounder  S^  alone.  The  local  contact  points  at  the 
ront  end  of  tranamitter  t^  are  shunted  out  when  desired,  by 
deans  of  the  button  or  switidi  w^ ;  and  the  main  contact  points 
at  the  opposite  end  of  the  lever  are  in  like  mimner  cut  out  by 
aeans  of  button  W,  When,  therefore,  the  switches  Wj,  w^ 
id  W  are  open,  W^  turned  to  the  right  and  keys  K^  and  i| 
plosed,  as  shown  in  the  figure^  Chicago  may  exchange  business 
ritb  any  one  of  the  offices  on  L^,  the  signals  being  automatically 
smsmitted  at  St  Louia  by  relays  Ri^  r^  and  transmitter  T^ 
ad  i^.  At  the  .same  time  St  Lfiuis  aad  Chicago  may  also  work 
Juplex,  using  key  Kj  and  R^  for  that  purpose* 

By  closing  switches  W^,  lo^  and  W  and  turning  W,  to  the 
L'ft.,  the  two  lines  L  and  Lj,  as  will  readily  be  seen,  may  b> 
'^worked  separately,  the  former  as  a  quadi'uplex  and  the  latter  as 
a  single  Moi^ae  circuit 


an 
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CURRENT   INDUCTION. 

The  interference  between  well  insulated  telegrapli  lines,  knc 
as  current  induction,  ha.s  from  the  fii*at  done  a  great  deal  tuwa 
preventing  the  proper  working  of  the  quadruplex  system,  and  1 
the  question  as  to  how  the  disturbing  effects  due  to  this  caudal 
might  be  overcome  has,  therefore,  become  one  of  considerable 
importance. 

Mn  Chjirles  H,  Wilson,  of  Chicago,  who  has  given  consider- 
able attention  to  the  subject,  has  devised  a  plan  for  diminishing 
the  diflifultias  just  referred  to, 

Mr.  Wilftfju  seeks  to  accomplish  his  object  by  establishing  a 
counter  cuiTent  in  the  disturbed  conductor  at  the  same  moment 
and  of  the  same  strength  and  duration  as  that  of  the  induced  cur- 


rent which  is  generated  in  it  by  the  sudden  change  of  potential 
in  a  neighboring  wire. 

Fig.  164  shows  the  application  of  the  method  to  a  single  Morse- ' 
line,  but  here  it  is  of  compm^atively  little  praeticai  importance, 
from  the  fact  that  these  lines,  as  a  general  thing,  can  be  supplied 
with  strong  cuiTents,  so  that  there  is  always  sufficient  working 
margin  to  cover  the  difficulties  arising  from  induction.      The^ 
primary  wire  of  the  induction  coil  C  is  in  the  circuit  of  om 
line,  and  the  secondary  coil  in  that  of  the  other.     The  coils  j 
so  Tvound  or  connected  to  the  hues  that  either  will  induce  imj 
the  other  currents  of  opposite  direction  to  those  induced  by  the 
i*emaining  parts  of  the  circuit.     The  electro-magnets  represented] 
at  a,  a\  b  and  h\  are  employed  for  producing  the  proper  retard- 
ing effect  on  the  counter  or  neutralizing  currents  which  ar 
generated  in  the  coUs  surrounding  C,  and  the  adjustable  resist-- 
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ance  R  E  of  the  shunt  circuit  serve  to  still  f^irtlier  modify  these 
current'^,  so  that  their  action  is  subject  to  complete  contix>L 

The  manner  in  which  the  device  is  rendered  effective  will 
readily  be  understood  from  the  diagram.  Thus,  for  instance,  if  a 
current  of  any  polarity  is  sent  into  the  conductor  A,  a  cuiTent  of 


^ 


Fig.  166. 

the  opposite  polarity  will  be  induced  in  the  line  B^  owing  to  its 
close  proximity  to  the  fcrrmer^  l)ut  at  the  same  instant  a  similar 
isnirent  will  also  be  induced  in  the  coil  to  which  it  is  joined,  and, 
as  the  connection  is  so  arranged  that  this  enrrent  opposes  that 

SMS 


Fig,  1C6. 

induced  by  the  pi*oximity  of  the  two  conductors  to  one  another, 
the  proper  action  of  the  instruments  will  not  be  disturbed. 

The  arraiigcnient  for  accompHsliiog  the  same  result  between 
two  quadruplex  circuits  is  shown  in  fig.  165.  It  is  evident  that, 
with  the  bridge  or  differential  principle,  all  that  is  required  to 
effect  the  end  in  view,  is  to  cause  the  two  artiticial  lines  to  act 
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upon  each  other  in  a  manner  similar  to  the  action  of  the  actiiikl 
lines,  and  for  this  purpose  an  induction  coil  and  system  of  mag- 
nets, similar  to  that  just  ilescribed,  is  inserted  in  the  path  of  tlie 
two  artificial  lines  at  L 

Fig.  166  shows  an  arrangement  of  condensers  snbstitnted  lor 
the  induction  coils,  which  has  been  in  extensive  iLse  on  some  of 
the  long  Unas  in  the  central  division  of  the  Western  Union 
Telegraph  Conipnnj,  If  the  inductive  effect  of  the  two  wires* 
are  equals  the  condenser  E  is  alone  necessary  to  effect  the  ueu- 
tralization ;  but  when  unecpaal,  the  two  condensera  F  and  G 
are  required  in  conneetion  with  E. 

EABLT   METHODS    OF    BTMrLTAXKOUS    TRAKSMISSION    t?i    THE 
SAME    DIEECTION. 

In  October,  1855^  A,  Bernstein,  of  Berlin,  devised  a  plan  for 
the  simultaneous  transmission  of  two   messages  in   the  &amej 
direction,  which  is  shown  in  fig  167. 

The  transmitting  apparatus  consists  of  two  independent  cir 
cult  preserving  keys  K^  and  Kg  in  conncetion  with  batterie 
Bj  and  Bg,  the  farmer  composed  of,  say  10,  and  the  latter  2fl 
cells,  as  shown  in  the  figure  at  station  A* 

The  movements  of  these  keys  produce  tlnee  different  electric 
conditions  in  the  line,  according  to  their  respective  positions  with 
reference  to  eacli  other,  as  follows : 

1.  Fij-st  and  second  keys  open.  The  route  of  the  circuit  maj 
be  traced  as  follows :  From  the  earth  pkite  G,  through  wire 
adjustable  stops  5  and  4,  mm  8,  to  adjustable  stops  1  and  2  an<3 
line  L  Tliis  may  be  considered  the  normal  condition  of  tt 
keys,  in  which  position  no  current  passes  to  the  line. 

2-  Firnt  key  closed  and  second  key  open.     The  route  is  from 
earth  plate  Q  to  wires  6,  7,  main  battery  B^^  thence  to  lever  ?j 
of  key  Kj,  and  wire  3  to  stops  2  and  1  and  line  L  to  distant 
station  as   before.     In   this   position  of  the  keys   the  amalle 
battery  B^  only  is  in  circuit,  sendi^ag  to  the  lino  a  positive  or  - 
current  of  +  10. 

3*  Second  key  closed  and  first  key  open.     The  route  now  il 
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from  earth  plate  G,  wire  6,  to  stops  5  and  4  ;  thence  hy  wires  3 

Paud  8^  to  main  battery  Bg^  and  levfr?r  Z^  of  key  Kg  ;  thence  bj 
wire  9  to  stop  1^  and  line  L  to  db^tant  olUce.  In  this  position  of 
the  keys  the  larger  battery  B^  only  m  in  circuit,  sending  to  line 
a  positive  or  *f-  current  of  -}-  20. 

4.  First  and  second  keys  both  depressed.     The  ronte  of  the 

Bjcirciiit  in  this  case  is  from  earth  plate  G,  wire  6,  7^  to  battery 

B^i  lever  l^ ;  thence  to  stop  4,  and  wires  3,  8,  and  battery 


F(g,  167, 


'B 


Bbal 
of 
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g  to  lever  1 2,  wire  9  t< 
distant  station   as  before* 


8t^>|)  1  ;    tlieoce  to  the  line  L  and 
In  this  position  of  the  keys  both 
tteries  are  in  circuit,  sending  to  line  a  positive  or  -{-  current 
of  +  80. 

At  station  B  a  receiving  instrument  or  relay  is  made  use  of, 
mposed  of  a  single  electro-magnet  M^  having  three  armatures 
Bj^t  Kj  ^nd  R3,  to  each  <)f  which  are  attaf^he^i  retractile  springs 
r|,  rj  and  r^  respectively,  with  local  circnita  and  sounders  S^ 
and  Sa,  as  shown  in  the  figure. 
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Sounder  S^  should  respond  solely  to  the  movements  of  key 
Kp  and  sounder  Sg^  m  like  manner,  to  the  movements  of  key 
Kg,  while  both  should  respond  when  keys  K.  and  Kg  are 
simultaneously  depressed. 

The  manner  in  which  tliis  result  is  attained  wull  be  uiider- 
stotid  by  reference  to  the  following  explanation  of  the  effet'^t  uf 
each  of  the  previously  mentioned  electrical  conditions  of  the 
line  upon  the  receiving  instrument  M  at  station  B  : 

1,  The  normal  condition  of  the  transmitting  apparatus. 
No  current  to  line* 

The  local  circuit  of  sounder  S^  is  open  at  point  a,  armature 
Rj  being  held  against  its  back  stop  by  the  retractile  force  of 
spring  r^. 

Armature  E,  is,  in  a  like  manner,  lield  against  its  back 
stojx 

Armature  E3  i^ests\ipon  its  back  stop,  owing  to  the  reti«43tile 
force  of  spring  r^,  in  which  position  it  will  be  observed  that  a 
local  circuit  is  completed,  in  which  are  included  sounder  S^  and 
both  local  batteries,  but  as  the  two  latter  have  like  poles  together, 
their  effect  upon  soimder  Sg  is  substantially  neutralized;  con- 
sequehtly,  the  latter  remains  inactive. 

2,  Positive  cuiTent  from  battery  Bj  only  =  -|-  10. 

The  \oeii\  circuit  of  sounder  S^  is  closed  between  the  point 
o  and  aniiature  R^,  l>ecaiise  the  action  of  the  current  upon  the 
relay  M  is  strong  enough  to  overcome  the^ -spring  r^,  and  force 
aiTnature  R^  against  the  stop  0. 

AiTnature  Rg  i*emains  on  its  back  stop,  because  the  jxjwer 
of  the  current  uj>un  the  line  is  not  sufficient  to  overcome  the 
tension  of  spring  r^. 

Armature  R  3  rests  upon  its  back  stop  because  the  current  is 
not  strong  enough  to  overcome  the  spring  rj.  As  in  the  llrst 
case,  it  will  also  .b©  observed  here  that  armature  R3,  in  this  pcjsi- 
tion^  completes  a  local  circuit  in  which  is  included  sounder  S,. 
The  latter^  however,  i-emains  inoperative,  for  the  reasons  before 
explained, 

3,  Positive  current  from  battery  B,  =  -f'  20, 
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Tlie  local  drcuit  of  sounder  S,  is  closed  between  the  contact 

point  and  ammture  Ej^  because  the  power  of  the  line  current  ia 

ijufiieient  to  overcome  the  spring  r^,  and  juovc  the  armature  R^ 

|;igainst  its  contact  point    Armature  E^  still  remains  on  its  back 

stop,  lieciuise  the  current  upon  the  line  is  not  of  tiufficirnt  sta'iigth 

fto  overcome  the  tension  of  si)ring  r^.  In  order  to  prevent  a  false 
fdgiial  from  being  given  by  sounder  S^,  it  is  obviously  essential, 
in  this  ease,  that  armature  Ej  should  make  contact  with  the 
point  0  sonultiineouHly  with  armatui-e  E^,  by  whicli  means  the 
local  battery  of  sounder  S^  is  short-circuited,  thus  leaving  the 
latter  inoperative, 

4  Positive  cnuTcnt  from  l>oth  batteries  (Bj  and  Bj)  =  -|~  30, 
The  current  upon  the  line  in  tliis  case  is  sufficiently  powerful 
;o  overcome  the  tension  of  the  retractile  springs  r^^  r^  and  r^, 
and  force  the  amiatiires  E^,  E3  and  E3  against  their  respective 
front  stoj^s  o  and  0^,  opcmting  the  sounders  Sj  and  Sg, 

Thus  will  be  understood  the  manner  in  which  the  respective 
armatures  of  the  receiving  instrument  are  made  to  assume  their 
different  positions  wth  relatitrn  to  the  electrical  condition  of 
ibe  line,  so  as  to  record  the  proiier  signals  upon  sounders  S^ 
and  Sj- 

Instead  of  the  receiving  instniment  as  devised  by  Mr.  Bern- 
stein, viz,:  a  single  electro- magnet,  with  three  separate  arma- 
tures, of  different  adjustments,  tlxrec  independent  relays  may  be 
Reused,  with  local  comiections  the  same,  without  departing  from 
I  the  principle  thereot 

A  Betx>nd  method  was  also  invented  by  Bernstein,  in  whicli 
^  he  made  use  of  botli  positive  and  negative  currents, 
f      Referring  to  the  diagram,  fig.  168,  it  will  be  obsen^ed  that  the 
transmitters,  or  keys,  are  circuit  preserving,  the  sketch  differing 
^  from  the  original  in  form,  but  not  in  principle. 
I      The  operation  of  the  two  keys  gives  rise  to  three  strengths  of 
current  upon  the  line,  accoixiing  to  their  respective  positions, 
with  reference  to  each  other,  as  follows : 

The  normal  position  o£  the  keys  is  that  shown  in  the  figure, 
both  being  open 
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The  route  of  tlie  circuit,  m  each  of  the  before  mentioiied  jiosi* 
lions  of  the  keys  K|  and  K,,  may  be  readily  traced  by  reference 
to  the  dramng. 

Key  K,  alone  sends  a  positive  or  +  durent  of»  say^  10  cells 
frt^ni  battery  B. 

Key  Kg  alone  sends  a  negative  or  —  current  from  the  same 
battery  =,  —  10. 

When  both  keys  are  simultaneously  depressed,  the  uegati^'e 


'    B  B.    ^ 


riu 


-3 


K 


ra 


Fig.  168. 
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pole  of  the  smaller  battery  is  insulated ,  and  the  larger  Ijatterr 
Bj  sends  a  positive,  or  +  current  =,  +  ^0. 

Bernstein's  receiving  apparatus,  in  this  case,  is  composed  of 
Ijhree  indepeailf'nt  relays,  polarized  by  means  of  the  auxiliary 
local  coils  Rj^  Rg  and  Rg,  the  two  former  being  constant,  and 
the  latter  controlled  by  the  annature  a^  of  relay  Mj,  as  shown 
in  the  figure  at  station  B. 

The  sounders  Sj  and  Sj  are  operated  by  shunting,  instead  o£ 
opening  and  closing  the  circuit 
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The  strength  of  the  current  in  each  of  the  anxiliary  local  cir- 
cuits before  mentioned  may  be  changed  at  will  bv  varying  the 
adjustable  resistance  eoils  r^^  r^  and  r^.  It  should  not,  how- 
^Bver,  be  of  sufficient  power  to  overcome  the  tension  of  springs 


,^^  s^  and  *3 


^^     The  current  from  auxdiarj^  local  Rp  circuhiting  in  M^,  is, 

^■lay,  ^  -{-  10,  and  that  of  auxiHary  local  R^,  circulating  in  Mj^ 

=^  —  10,     That  of  relay  M^  is  brought  into  action  only  when 

■annature  a 3,  of  relay  Mg,  n:iakes  contact  with  stop  0,  at  which 
fcinie  a  current  of  +  10  circulates  through  M3. 

Bearing  this  in  mind,  it  will  l>e  readily  undemtood  by  the  fal- 
lowing explanation  how  the  armatures  aj,  a^  and  a^  of  the 
receiving  instruments  Mj,  Mj  and  M3,  respe<:tively,  are  made 
^Babo  asisume  positions,  with  relation  tc>  the  three  eleetrieal  condi- 
^^ons  of  the  line,  so  as  to  cause  sounder  Sj  to  respond  solely  to 
the  movements  of  key  K^,  and  sounder  S^,  in  like  nianner,  to 

PIhe  movements  of  key  Kj,  while  both  I'e.spund  when  K^  and  Kg^ 
at  the  sending  stnti(>n,  are  simultaneously  depresse^L 

1,  Kj  alone  depressed,  a  positive  or  +  ciu^reot  to  the  line  of 
-\-  10.     The  strength  of  this  current,  supplemented  by  that  uf 
iilie  auxihary  local  R^,  is  sufficient  to  overcome  the  spring  f^, 


and  move  the  armature  a^   foi-^^ard,  thus  breaking  the  shunt 


Htiie 
^unc; 

^H>etween  stop  P^  and  armature  a^,  and  leaving  sounder  S^  to  be 
^■actuated  by  lfrt^al  liattery  /j, 

^K     The  action  of  the  line  current  upon  relay  Mg,  m  this  case, 
tends  to  partially  neutralize  the  effect  of  the  auxiliary  coil  R^  ; 
:>iisecpiently,  the  armature  a^  is  held  more  firmly  by  spiing  s^ 
the  position  showiL 
Armature  a^,  of  relay  M^,  also  remains  oa  its  back  stop 


3,  because  the  line  current  (viz. :  -|-  1^  0  '^  ^^^  ^^  sufficient 

■ength  to  overcome  the  spring  5^.  Thus  the  shunt  around 
ider  Sj  remains  unbroken,  and  the  latter  is  inoperative, 

2,  Key  K^,  depressed- 

A  negative  or  —  cun-ent  of  —  10.  In  this  case,  the  polarity 
of  the  line  current  is  such  as  to  partially  neutralize  the  etfeet  of 
the  auxiliaiy  local  R^.    The  armature  a^  is^  in  consetpence,  held 
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more  securely  by  spring  s^  against  stop  P^,  thus  preventing  a 
signal  being  given  on  sounder  Sj* 

Armature  a^  of  relay  Mg  is  carried  fi*oni  stop  Pj  to  o,  because 
the  strength  of  the  line  current,  viz. :  —  10^  added  to  that  of  tlie 
auxiliary  local  ( —  10),  is  sufficient  to  overcome  the  ten^^ion  of 
retnictile  spring  3^^  thus  breaking  the  shunt,  and  causing  local 
battery  l^  to  operate  the  sounder  Sg. 

It  will  here  be  observed  that  when  annature  a^  connects  with 
stop  Oj  the  auxiliar^^  local  of  relay  M3  is  clased,  the  stmngth  of 
which  (viz. :  -j-  10)  l)cing  the  same  m  tlxat  from  the  line,  but  of 
opposite  polarity,  it  only  serves  to  substantially  neutralize  the 
eflFect  of  the  latter  upon  relay  M3,  and  armature  a^  is  held 
inactive  by  the  retractile  spring  53, 

3,  Keys  Kj  and  Kg,  both  depmssed. 

A  positive  or  -[-  current  of  -(-  20. 

Armature  a^  of  relay  M^  is  caused  to  move  forward,  thus 
breaking  the  shunt,  and  allowing  a  current  from  local  battery  l^ 
to  operate  sounder  S^-  The  line  current  in  this  case  is  of  a 
j>olarity,  and  sufficiently  powerful  to  completely  neutralize  the 
effect  of  the  auxiliary  local  R^  and  exert  a  force  upon  relay  Mj, 
tending  to  attnict  its  armature  a^ ;  but  the  latter  is  held  in  the 
position  shown,  against  stop  P3,  by  the  retractile  spring  s^. 

The  armature  flg  of  relay  M^  is  carried  from  stop  Pj  to  stop 
Oj,  because  the  line  current  is  sufficiently  powerful  to  overcoru 
retractile  spring  ^3^  thus  breaking  the  shunt  and  permittiog 
sounder  Sg  to  I'espond. 

Practically,   the  method  of   using  one  receiving  instrument 
having  three  armatures  is  a  very  unsatisfactory  one^  for  th6j 
reason  that  the  effective  attraction  of  the  electnD-inagnet  for  an) 
one  of  two  or  more  armatures  is  materially  lessened  whenever 
one  of  the  others  is  in  contact,  or  nearly  in  contact^  with  itfij 
poleB. 

The  manner  of  operating  a  register,  or  sounder^  by  clo&ing 
and  breaking  a  shunt,  as  in  the  system  above  described,  would 
render  it  impossible  to  recei\'e  and  record  the  signals  with  accu- 
racy at  any  considerable  degree  of  speed* 
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The  use  of  tliree  independent  receiving  instruments,  though 
free  from  the  objections  just  mentioned,  does  not  obviate  the 
difficulties  which  were  inherent  in  the  systems  of  siraultune- 
ens    transmission  in   the  same  direction,    invented   by   Stark 

[and  Siemens,  in  1855,  and  which  by  the  latter  were  considered 
insurmountable. 


THE    ELKCTRO-MOTOGRAPH. 


^  The  salient  teatiire  in  this  discovery  is  the  production  of 
motion  and  of  sound,  by  the  stylus  of  the  Bain  telegniph  inatni- 
ment,  without  the  intervention  of  a  magnet  and  armature.  By 
the  motion  thus  pnxhiced,  any  of  the  orvlitiary  fonns  of  telegraph 
printing  or  sounding  instruments  or  relays  may  he  worke<i,  thus 
making  it  possible  to  send  messages  by  dii^ect  transmission  over 
thousands  of  miles  of  wire,  at  the  highest  speed,  without  rewnt* 
ing,  delay,  or  difficulty  of  any  kind 

More  than  this,  the  apparatus  operates  in  a  highly  effective 
manoic  under  the  weakest  electric  currents,  renderiog  it  possible 
to  receive  ftud  transmit  messages  by  currents  so  weak  that  the 
ordinary  magnetic  insti'uments  fail  to  operate,  or  even  give  an 
^indication  of  the  poasage  of  electricity.  Thus,  when  the  common 
^^instruments  stand  still,  owing  to  the  feebleness  of  current^  this 
telegraph  mil  Ijc  at  full  work.  The  apparatus  is  shown  in  flga 
169  and  170, 

In  fig,  169  A   is  a  lever  pivoted  upon  a  universal  joint  C, 
and  is  providetl  at  its  extreme  end  witli  a  screw  F,  tipped  with 

K)latina,  resting  upon  a  strip  of  moistened  paper,  which  is  carried 
brward  (in  the  direction  shown  by  the  arrow)  by  the  drum  <jr. 
This  drum  G  is  continuously  rotated  by  clock  work  The  spring 
S  is  used  for  the  purpose  of  creating  a  pressure  of  the  point  F 
on  the  moistened  pajjer. 

The  spring  R  is  to  tlraw  the  lever  to  the  left  and  against  the 
>int  X     L  is  a  main  battery,  K  a  key.     The  21  nc  pole  of  the 
aittery  is  connecte<l  to  the  point  F,  while  the  carbon  pjle  is 
5<:>nnected  to  the  metallic  dinim  G,  tlirough  the  key  K.     When  K 
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is  closed,  the  chemicals  with  which  the  paper  is  saturated  are 
decomposed  by  the  passage  of  the  current  through  the  paper, 
and  the  lever  msts  against  the  point  X,  closing  the  local  circuit] 
containing  the  sounder  AX  and  local  battei-y  LB,  If  tUe  key  , 
K  is  oi>ened,  the  normal  friction  of  the  platina  point  F  upon  the 
paper  is  so  great  that  the  spring  R  is  insufficient  to  keep  it 
against  the  point  X,  and  it  is  carried  forward  by  the  rotation  of 
the  drum  to  the  point  D,  where  it  remains  until  the  key  K  iis 
again  closed ;  then,  by  the  piissiige  of  the  current,  the  friction  is 
reduced  so  as  to  be  imperceptible,  and  the  spring  R  easily  pulls 
the  lever  against  X,  where  it  remains  as  long  as  the  current  is 
allowed  to  pass.     As  will  be  seen  from  tliin  brief  descriptioa,  tlic 


lever  is  moved  backward  and  forward  by  a  difference  in  frictiona^ 
caused  by  the  deoomix>sition  of  the  chemiciils  (a  solution  of 
chloride  of  sodium  and  pyrogallic  acid),  mth  which  the  paper  is 
moistened,  by  the  passage  of  the  current 

AVIiy  the  paper  becomes  so  extremely  slippery  on  the  paa- 
aage  of  the  current,  tlie  inventor  is  unable  to  state. 

Tlie  ai>panitLis  is  extremely  sensitive,  and  can  be  worked  over 
a  cin;uit  of  two  hundred  miles  with  two  cells  of  battery.  Same 
idea  of  it^  wonderful  sensitiveness  may  be  formed  from  the 
statement  that  by  employing  a  delicate  construction  of  mechan- 
ism and  using  clock  work  to  uctnate  the  same,  a  movement  of 
the  lever  has  been  obtained,  sufficient  to  close  a  local  circuity 
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with  a  current  tbat  was  incapable  of  discoloring  paper^  mois- 
teocd  with  potassic  iodide^  or  of  moving  the  needle  of  an  ordi- 
nary galvanometer. 

Unlike  a  magnet,  no  secondary  currents  are  set  np,  upon 
opening  and  closing  the  circuit,  to  delay  the  movements  of  the 
lever ;  neither  has  it  cores  to  consume  more  time,  in  charging 
and  discharging,  but  moves  with  a  maximum  effect  instantly. 
The  plan  shown  in  fig.  170  is  Ciilled  a  polarised  moto^aph. 
The  key  K  altc?rnatn1y  connects  the  batteries  A  and  B  to  the 
lever  of  the  laotograpli,  one  sending  a  positive  and  the  other  a 
negative  current.    The  current  from  the  battery  A  passes  to  the 


point  X,  thenee  through  the  pixpcr  to  the  point  Gr,  up  through  Gr 
back  to  the  other  end  of  the  battery  A.  Tims  hydrogen  is 
generated  on  the  point  F,  which  becomes  slippery,  while  oxygen 
is  generated  on  the  point  G,  which  retains  its  normal  friction ; 
lieuce  the  point  G  Ls  carried  to  the  right  by  the  rotation  of  tlie 
drum.  If  the  direction  of  the  current  be  reversed  by  putting  on 
the  battery  B,  hydrogen  is  generated  on  the  point  G,  which 
bec'omes  slippery,  and  oxygen  on  F,  which  retains  its  normal 
friction,  and  the  lever  is  tlirown  to  the  left. 

The  diagram  is  arranged  merely  to  illustrate  the  principle  of 
the  invention. 

In  practice,  a  single  battery  and  reversing  key  are  used 
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Mr.  Thoma^s  A.  Edison,  the  inventor  of  the  electro-motograph, 
states  that  he  has  a  machine  in  operation  in  his  laboratory  con- 
structed upon  the  principle  shown  in  fig.  169,  with  which  he 
has  succeeded  in  repeating  automatic  signals  from  one  circuit 
into  another,  at  the  rate  of  one  thousand  two  hundred  words 
per  minute,  an  average  of  six  thousand  letters,  or  twenty-four 
thousand  waves  per  minute,  compelling  the  lever  A  (fig.  169) 
to  move  backward  and  forward  from  the  point  on  the  left  to  the 
point  D  on  the  right  four  hundred  times. per  second 

By  attaching  an  ink  wheel  to  the  extremity  of  the  lever, 
opposite  a  continuous  strip  of  paper  moved  by  clock  work,  mes- 
sages transmitted  at  a  speed  of  several  hundred  words  per  min- 
ute may  be  recorded  in  ink ;  and  by  attaching  a  local  circuit  to 
the  repeating  points  and  adding  a  sounder  thereto,  as  shown  in 
the  figure,  the  apparatus  may  be  used  as  a  Morse  relay  to  work 
long  lines  of  telegrapL 


CHAPTER  Xn. 


ELECTRIC   CALL    BELLa 

The  introduction  of  call  bells  or  alarms,  wbicli  baye  now  be- 
come of  such  extensive  applicatioa  in  botels,  factories,  elevators, 
and  wberever  else  tlieir  service  bas  been  desirable,  or  where  it 
has  been  found  convenient  to  employ  electricity  for  operating 
them,  followed,  as  a  matter  of  coui'se,  with  the  early  introduction 
of  the  electric  telegrapk  The  invention  of  these  instruments 
may,  therefore,  be  said  to  date  as  far  back  as  that  of  the  tele- 
graph itselt 

It  will  readily  be  \ioderstood  that,  whatever  may  be  the  sys- 
tem of  telegraphy  employed  for  correspondence  between  places 
distant  from  or  near  to  each  other,  it  is  important,  fii-st  of  all,  to 
have  some  means  at  command  by  which  the  attention  of  the 
,  correspondent  with  whom  we  wish  to  conimnnicate  may  be  ob* 
tained ;  and  this,  of  course,  for  cases  under  consideration,  includes 
the  means  of  producing  a  noise  of  some  kind  within  his  hearing. 
A  wide  field  bas  thus  been  allowed  for  the  exercise  of  man^s 
constructive  faculties ;  and  the  devices  which  have  been  succes- 
sively introduced  to  meet  the  want  have  consequently  been 
exceedingly  numerousL  Their  geneinl  development,  however, 
has  been  very  much  the  same  as  that  of  the  telegraph. 

Professor  Wheatstone,  in  his  earliest  telegraph  experiments, 
made  use  of  a  call  which  was  run  by  clock  work,  the  movement 
of  the  latter  being  controlled  by  the  action  of  an  electro  magnet, 
This  seems  to  have  been  about  the  first  really  practical  instru- 
ment of  the  kind  introduced,  and  even  it  w^as  not  considered 
altogether  satisfactory  in  its  operation  at  that  time*  Since  then, 
however,  the  apparatus  has  been  so  much  improved  and  simpli- 
fied in  one  way  and  another,  and  the  various  domestic  uses  to 
which  it  has  been  applied  have  given  rise  to  so  many  difierent 
forms,  that  a  knowledge  of  their  details  becomes  desirable.     We 
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have^  therefore,  thought  it  worth  our  while  to  devote  a  chapter  to 
the  consideration  of  the  more  importiint  of  this  class  of  iostru* 
meats. 

The  push  button  or  key  used  in  short  circuits  serves  to  close 
the  latter  in  a  very  simple  and  effectual  manner.  Its  general 
plan  will  be  made  apparent  by  reference  to  flgs.  171  and  172. 


ilj/.  171. 

The  former  shows  the  caso  T  of  wood  or  other  insulating  sul 
stance,  within  which  are  secured  the  two  metiiUic  strips  p  and  j 
one  above  the  other.     In  its  normal  state  the  upper  strip 
separated  from  the  other  hy  a  steel  or  spiral  spring, 
therefore,  aiicli  a  key  is  inserted  in  tlie  circuit  the  latter  retnaii 
open,  but  may  be  closed  when  desired  hy  pressing  upon  the 

V 


Ffj.  172. 

knob  2^\  w4iich  brings  the  points /j  and  ^  together.  Upon  the 
removal  of  the  pressure  the  circuit  is  again  opened  by  the  re- , 
tractile  force  of  the  spring. 

Yarious  patterns  of  keys  are  made  to  suit  the  different  pur- 
poses for  which  they  are  to  be  u,Hcd  The  form  shown  in  fi^ 
171  is  the  ordinary  one,  Fig»  173  represents  another  form,  used 
for  electric  dajr  bells,  in  whicli  the  circuit  closer  is  contained 
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within  a  hollow  in  the  base,  the  latter  being  usually  of  marble, 
and  provided  with  screws  for  securing  it  wherever  desired. 

Fig,  174  is  a  convenient  form  for  combining  a  number  of  keys 
within  a  small  compass;  eight  push  buttons,  corresponding  to 
as  many  distinct  circuits,  are  arranged  at  equal  distances  around 
a  cyhndrical  case,  within  which  the  connections  between  the 


Pig,  173.  Fig,  174. 

metalHc  strips  and  wires  are  made.  Each  wire  is  separately 
insulated  by  a  silk  covering,  and  the  whole  wound  together  into 
a  single  strand,  where  they  leave  the  case. 

COMBINATION   KEYS. 

With  the  keys  above  described  it  is  evident  that  the  signals 
last  only  so  long  as  the  button  is  depressed  by  the  operator;  it 
will  also  be  observed  that  the  operator  has  no  means  of  knowing 
with  certainty  that  a  signal  has  been  given,  and  that  he  must 
therefore  be  still  less  sure  of  \\b  having  been  noticed.  To  meet 
this  defect,  and  provide  a  suitable  arrangement  for  every  require- 
ment, a  special  combination  \^  needed,  such  as  is  shown  in  fig. 
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175.  This  consists  of  a  case  containing  a  ma^etic  needle,  an 
electro-magnet,  and  the  metallic  contact  springs  a  h  arid  c  d 
One  end  of  the  coil  of  the  electro-magnet  E  is  attached 
to  the  screw  e,  the  other  to  the  line  wire  by  the  insulated  screw 
V.  The  spring  a  h  m  connected  to  the  binding  screw  r  lead* 
ing  to  the  battery,  the  other,  c  rf,  to  the  plate  at  e^  by  which 
communication  with  the  line  is  made  through  the  coil  of  the 
electro- magnet.  To  tlie  axis  of  the  magnetic  needle,  A,  is  fas- 
tened apin<7,  w^hich  presses  against  the  platinum  contact  r,  when 
the  lower  pole  is  attracted  by  the  electro-magnet,  and  the  needle 


thus  made  to  take  up  the  |K>sition  represented  by  the  doUed 
lines  opposite  which,  on  the  cover,  is  the  word  understood, 
or  hei'e.  The  axis  of  the  needle  is  also  in  electrical  connec- 
tion with  the  metallic  back  of  the  instranientj  to  which  are 
attached  the  metallic  plate  'p  and  binding  screw  q^  so  that  all 
three  are  electrically  connected.  The  small  plate  connecting 
with  C,  a  and  r  is  insulated  from  the  back,  and  a  spiral  wire  n  m 
joins  q  with  the  binding  screw  e  and  coil  of  R  In  its  normal 
position  t^e  pin  g  rests  against  a  stop  not  shown- 

The  operation  of  the  key  will  now  be  readily  understood 


APPABATUS   FOK    HIVIXG   THE   SIGXALS, 


379 


3n  the  knob  B  is  depressed  the  current  from  C  passes  along  ab 
led  toe  and  through  the  coil  of  E  to  V,  thence  to  line  L  and  other 
pparatiis,  where  an  audible  or  visible  signal  is  to  be  given.    The 
cition  of  the  needle  A  by  the  electro-magnet  E^  causing  the 
'     lornier  to  point  to  the  word  here  on  the  cover,  enables  the  opera- 

E&o  see  that  the  key  has  properly  performed  its  office.     At  the 
e  time  the  deflection  of  the  needle  brin^  the  pin  ^rin  contact 
1  r^  so  that  the  current  now  has  a  second  route  through  spring:? 
.nd  g,  and  the  needle  remains  deflected  after  the  finger  has  been 
„ . ,  jdrawn  from  B.    Thus  a  continuous  signal  is  given  until  noted 
the  person  for  whom  it  is  intended,  who  then  interrupts  the 
3uit  momentarily  by  such  means  as  are  provided  for  the  pur- 
"With  the  interruption  of  the  circuit  the  needle  returns  to 
normal  position,  and  thus  shows  that  the  signal  has  been  re- 
hired    When  a  vibrating  bell,  to  be  described  presently,  is  used 
^r  the  call  apparatus,  a  continuous  to  and  fro  movement  of  the 
eedle  takes  place  as  long  as  the  circuit  remains  uninterrupted, 

APPARATUS  FOR  GIVING  THE  SIGNALS, 


The  ordinary  form  of  bells 
for  giving  single  taps  is 
own  in  figure  176. 
It  consists  of  an  electro-mag- 
^t  MM,  opposite  whose  poles, 
if,  is  placed  the  armature  with 
clapper,  k.  The  latter,  in  its 
Traal  position,  is  held  back 
'from  the  bell  G  by  a  spiral 
spring  attached  to  the  movable 
upright  cf,  which  serves  to  regu- 
late its  tension*  The  stroke  of 
^^le  armature  is  limited  by  the 
^Bbt  screw  r.  Another  form  devis- 
F  ed  by  Breguet,  in  which  the  pro- 
I     longation  of  the  armature  lever 


^.176. 
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is  a  mther  stiff  spriiig^  is  shown  in  figure  177.  Wben  such  \ 
appomtos  is  pbeed  in  ciicuit  with  a  batteiy  and  ooeof  tbe  poA 
bottofi  keys  alreadj  described^  a  riDging  tap  is  given  ctverj 
time  the  batton  h  depi^ssed  By  combimng  a  certain  nmnWof 
tap6^  with  proper  interrals  between  theni,  it  is  possible  to  oook 


municate  words  and  sentences,  and  thus,  besides  being  a  simpl 
call,  tlie  apparatus  becomes  a  veritable  telegraplu 


THE  VIBUATING   B£LL^ 


The  principle  employed  in  this  arrangement  is  shown  in    _ 
178.     MM  are  the  coils  of  an  electro-magnet,  which  are  so  con 
nected  diat  one  end  of  the  wire  leads  to  the  binding  post  B  anc 
the  other  to  the  post  C.     To  the  latter  is  also  attached  a  straigbi 
spring  which  carries  the  armature  e,  and,  when  the  current  is  nc 
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oulating,  tends  to  keep  it  witlidrawn  from  tlie  polea  of  the 
aagnet  and  against  another  sprhig,  r  ;  this  again  h  in  electrical 
ommunication  with  the  binding  popt  D,  and  both  B  and  D  are 
oonDected  respectively  to  A  and  E  by  brass  strips. 

When  snch  an  apparatus  is  inchided  in  the  circuit  with  the 
battery  and  j>ush  bntton,  and  tlie  button  is  depressed,  the  cnr- 
rent  arriving  at  h  passes  through  the  coils  to  the  post  C  and  arma- 


^' 


xre  (?,  thence  via  the  spring  r  to  post  E  and  wire  c,  completing 
the  circuit  The  soft  iron  cores  consequently  Viecome  magnetized 
and  attract  the  armature  which  interrupts  the  current  at  r^  this 
luse-s  the  cores  to  become  demagnetized  again  and  the  armature 
lis  back  against  the  spring,  when  the  circuit  is  once  more  estab- 
llsbed  and  an  attraction  follows  as  before*  Thus  a  rapidly  vibra- 
ling  movement  is  set  up  and  continued  as  long  us  the  button  is 
lepressed  or  the  circuit  remains  closed  by  the  needle  pin  before 
referred  to* 
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By  a  slight  modification  of  tlie  connections  in  the  bell  iustrn- 
ment  the  apparatus  can  be  used  both  as  a  vibrator  and  as  an  in- 
etniment  to  give  simple  taps.     The  general  plan  is  shown  in  % 
179,  in  which  M  and  e  refer  to  the  same  parts  as  in  the  liist    S 
is  a  switch  which  can  be  turned  on  B  or  E  at  pleasure,     Whm 
it  is  ou  E  the  connections  are  precisely  the  same  as  those  jiist 
described  and  tlie  apparatus  becomes  a  vibrating  instrument ; 
when  turned  on  B  thejre  is  no  interruption  of  the  current  witli 


the  attraction  of  the  armature,  and  the  instrument  simply  re- 
sponds by  single  taps  to  each  closing  of  the  circuit  by  the  push 
button.  The  path  of  the  current,  when  the  switch  is  on  B  and  E, 
is  sufficiently  evident  from  the  figure  without  further  description. 


i)OUBLE    BELLS. 

When  it  is  desirable  to  produce  a  very  loud  sound,  double 
bells  and  double  electro-magnets  are  usually  employed  in  ihc 
vibrating  apparatus.  Figure  180  represents  an  arrangement  of 
this  kind  The  current^  arriving  at  the  binding  post  C,  follows 
the  metallic  strips  in  connection  therewith  to  D  and  D',  thence 
through  the  coils  M  M'  and  strips  H  V,  H'  V  to  the  contact 
springs  II  R'  and  armature  A,  From  A  the  continuation  of  tlie 
circuit  may  be  traced  by  way  of  B  and  binding  poet  Z,  which 
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leads  back  to  the  battery.  One  of  the  bobbins,  M  for  instance, 
is  wound  f^  fis  to  pro<luce  ii  greater  magnetic  effect  than  that 
produced  by  the  other  M';  this  causes  the  armature  A  to 
ije  drawn  towards  M  until  the  circuit  of  the  latter  is  broken  at 
R;  M'  now  aets  alone  until  interrupted  in  turn  by  tlie  break  at 
R',  when  the  same  alternation  is  begun  anew*     Thus,  at  each 


F(g,  180. 

ition  of  the  armature,  one  of  the  two  bells  is  struck  with 
lerable   violence,   and   the  noise,   with  rapidly  recurrmff 
okes,  is  well  calculated  to  arrest  the  attention. 
In  double  bells  of  this  kind  the  line  circuit  is  never  broken 
by  the  vibrating  armature^ — the  effect  of  this  movement  being 
merely  to  shift  the  current  from  one  coil  to  the  other.     This,  in 


\ 
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some  particular  cases,  is  an  advantage  of  considerable  import- 


anca 


In  general,  the  principle  of  all  vibrating  bells  is  that  of  the 
self-acting  make  and  break ;  but,  when  the  contacts  are  rigid 
points,  the  vibrations  of  the  annature  take  place  onlywitbiu 
narrow  limits,  and  the  arrangement  cannot  very  well  be  utilized 
for  ringing  a  belL  Siemens  has  devised  a  plan,  in  his  dial  in- 
struments, which  answers  the  purpose  much  better,  by  giving 
the  armature  a  greater  range  of  movement ;  but  the  adaptation 
of  this  device  to  the  ringing  of  bells  for  simple  calls  is  a  little 
troublesome,  and,  in  fact,  for  general  use,  would  be  altogether 
too  complicated.  By  far  the  most  preferable  way  of  obtaining 
the  desired  range  of  stroke  is  that  already  described,  in  which  a 
spring  of  some  kind  forms  part  of  the  path  for  the  current,  and 
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which,  with  the  attraction  of  the  armature,  follows  the  latter  for 
such  a  distance  as  may  be  required. 

When  one  battery  is  to  serve  for  operating  several  of  the  bdk 
above  described,  the  vibrators  cannot  all  be  placed  in  one  circuit, 
as  each  one  interrupts  the  circuit  indeiDcndently  of  the  others; 
and  it  is  imjx)ssible,  or  rather  impracticable,  to  make  the  amia 
tures  of  the  various  instruments  so  that  they  will  all  vibrate  in 
exactly  the  same  time,  or  always  be  in  unison. 

The  plan  generally  adopted  for  such  cases  is  shown  in  figure 
181,  ^vhero  each  bell,  I,  II,  III,  has  a  separate  conducting  wire 
of  its  own,  as  represented  by  the  numerals  1,  2,  S,  and  a  xetam 
wire,  L  L,  serves  for  all.  If,  now,  one  of  the  beUs  is 
by  the  pressure  of  a  push  button  in  1, 2  or  S|  astha  ^ 
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ts  without  in  any  "way  interfering  with  the  others,  as  they 
are  all  quite  independent  of  the  circuit  thus  interrupted. 

SINGLE    BELLS  TO   BE   WORKED   WITHOUT   IKTEKKUFTlNa   THE 

CIRCUIT, 


ft 


The  fault  just  noticed  in  connection  with  the  vibmting  arma- 
ture, causing  a  bi-eak  at  each  vibration,  may  be  remedied  in  a 
very  easy  manner  simply  by  causing  the  armature  to  cut  its  own 
magnet  out  of  circuit  after  each  attraction.  The  principle  works 
very  satisfactorily,  and  will  be  readily  undci^stood  by  reference 
pto  figures  182  and  183,  which  represent  two  phases  of  its  appli- 
cation, m  m  are  the  coils  of  tlie  electro-magnet ;  a,  the  armature 
to  which  the  clapper  k  is  attached  by  means  of  a  rather  stifE 


j1 


1L^ 


Fig,  183. 

qpring,  and  /  an  elastic  steel  spring,  which  readily  follows  the 
to  and  fro  movement  of  the  armature  for  a  short  distanca  In 
figure  182,  the  armature  itself  foVms  part  of  a  shunt  circuit,  by 
which  the  current  is  withdrawn  from  m  m.  As  will  be  seen^  a 
urrent  arriving  at  C  passes  through  the  wire  1,  ctiils  m  m  and 
wire  2  to  the  line  L  ;  the  armature  is  thus  attracted  to  the  spring 
f^  and  a  second  route  made  for  the  current  by  way  of  a  c  /  As 
the  resistance  of  this  route  is  exceedingly  small,  compared  to  that 
of  the  helices,  almost  the  entire  current  passes  by  the  new  path, 
and  the  cores  >)€Come  demagnetized.  Tlie  retractile  force  of  the 
iring  now  preponderates,  and  the  armature  falls  agaipst  the 
T)ack  stop,  breaking  the  shunt  circuit  on  its  way.  By  this 
means  the  magnetism  of  the  cores  is  again  renewed,  and  a  coa- 
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ml  yibration  kept  up.  In  figure  183,  the  forward  movement 
of  the  armature  briogs  a  spring  /  against  a  contact  c,  and  forms 
the  shunt  quite  independent  of  the  armature. 

As  either  of  these  arrangements  does  not  break  the  main  cir- 
cuit, any  desired  number  of  them  can  be  jilaced  iu  the  same  line 
and  worked  without  interfering  with  each  other. 

Wlien  the  hell  system  is  to  be  used  for  h^ng  distances^  or  when 
a  very  loud  ringing  is  desired,  for  which  purpose  the  main  line 
current,  as  a  rule,  is  not  suffident,  a  relay  and  local  battery  aie 


generally  used ;  and  with  the  heaviest  apparatus,  requiring  still 
more  power,  the  ringing  is  done  by  means  of  weights. 

Figure  184  represents  an  arrangement  devified  by  AubinCi  in 
which  a  single  set  of  electro-magnets,  M  M,  serve  both  for  the 
relay  and  the  call  A  small  projection  on  the  upper  end  of  the 
armature  a,  when  the  latter  is  in  ita  normal  position,  supports 
the  lever  3,  keeping  it  from  making  conUict  with  spring  4,  and, 
at  the  same  time,  holding  it  firmly  against  spring  2,  When  now 
a  current  is  sent  into  the  line,  it  passes  along  the  connection  1  to 
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spring  2,  thetico  to  lever  8  and  its  coimeoting  i?irire  to  spring  / 
and  annature  a,  and  from  tliere  on  through  the  coils  to  eartk 
This  causes  an  attraction  of  tlie  annature  ;  lever  S  falls  down  on 
spring  4  and  closes  the  local  circuity  which  again  results  in  a 
magnetization  of  the  core.  The  armatore  is  thus  made  to  \^brato 
in  the  manner  already  desc^ribed,  and  a  violent  ringing  is  set  up, 
which  continues  until,  by  pressure  on  the  knob  i,  lever  3  is  again 
raised  and  supported  by  the  armature  j^rojectioii. 

D 


Fig.  186. 

Pigure  185  representa  another  relay  basetl  upon  similar  prin 
ciples,  and  much  used  in  France.  The  main  line  circuit  is  suffi- 
ciently apparent  without  further  explanation.  The  local  battery 
O  B  is  inserted  between  the  binding  post  K  and  Z.  From  K  an 
insulated  copper  strip  h  h  leads  upward^  and  at  the  top  is  bent  so 
as  to  catch  the  pin  e,  when  the  latter  is  carried  upward  by  the 
spiral  spring  ci  A  projecting  pin  from  tlie  armature,  when  the 
latter  is  nut  attracted,  serves  to  Iceep  the  rod  F  M  depressed. 
With  the  arrival  of  the  lino  current  the  armatui'e  is  atti-acted  and 
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the  rod  reUaEed ;  tliis  oUows  tbe  spring  d  to  act,  and  close  the 

IcK'al  circuit  at  th  wl»en  tho  ringing  is  conn  V      '*        v^sBOg 

on  the  knob  F  tbo  lower  end  cf  the  nxl  is  «  ^i  with 

tho  projecting  armature  pin,  and  the  apparatus  is   once  mow 
ready  for  aaother  call 

SIKMENS  AND   HALSXJt^  8TATI0K   ALARM. 

This  IB  showa  in  figure  186^  and  coosiBta  of  aa  ordimu^y  lebf 
and  bell  magnet,  with  an  automatic  make  and  break  armogod 
upon  the  same  principle  as  Sietnena*  dial  in&lnimenu     m  tfiai^ 
the  coils  of  the  relay  magnet,  and  1^  and  1^  its  terminal  wirei| 
one  of  which  leads  to  line,  the  other  to  earth*     The  poles  only  of 
the  bell  magnet  are  shown  at  M  M^  one  of  iia  coila  is  coDoacted 
to  the  binding  post  Z,  the  other  to  a  V  shaped  piece  of  melal» 
termed  the  shuttle,  which,  in  its  normal  position,  reats  with  ooo 
end  against  an  adjustable  screw  in  the  plate  K,  the  latter  al^  io. 
metallic  connection  with  the  relay  lever  a.     The  local  battery  » 
joined  to  the  binding  posts  Z  and  K*    When  a  eurroni  ib  aea^ 
into  ttie  main  line  the  arraatnre  a  is  attracted  and  clooes  the  local. 
circuit ;  this  cliarges  t!ie  magnet  M  M  and  actuates  armaitire  A^ 
but  after  passing  a  little  distanco  the  long  pnijecUng  arm  on  ih^ 
latter  moves  the  shuttle  against  the  st<  !  *    •  ^ka  the  lociX 

circuit;  the  spring  F,  being  no  lunge  f  i      :  ^    •  >ir  withdraw^ 

the  armature,  but  in  doing  so  cauaea  the  shuttle  to  clos«  the  ctr* 
cuit  once  more,  and  thus  a  constant  rin^ngij  maintained  as  loo^ 
as  tlie  main  line  is  closed. 

BItKGUETS  ALABM   OR   CALl*, 

With  most  of  the  apparatus  heretofore  descntu 

alarm  is  only  maintained  for  such  a  period  of  time  .      

may  be  closed  by  the  person  giving  the  aignalf  or^  as  with  Ih^ 


arran:j^ement  shown  in  fig*  184,  ut»til  t^ 


^Qgar  m 


the  ringing  by  depressing  the  IcuoK    V„,.u  ,    .iher^^ti 
have  been  suggested  by  Aubioe^  Breguet  and  oth 
of  which  a  single  ognal  is  made  to  give  aii/&a« 
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Breguet's  arrangement  is  shown  in  figure  187,  and  its  opewtioa 
TDay  be  described  as  follows;  Tbo  Hoc  current  arriving  at  L  in 
consequence  of  the  key  being  depressed,  paas^  to  the  contact 
screw  S,  thence  by  way  of  the  lever  C  c,  pivoted  at  C,  through 
the  coils  of  the  electro- magnet  E  to  the  armature  a  and  cootad. 
b  to  earth.     The  armature  is  lb ua  drawn  forward  for  a  short  dia-H 
tance,  but  returns  immediately  afterward,  owing  to  the  break  ia^ 
the  circuit  occasioned  by  the  movement,  and  closes  the  circuity 
again*     In  this  manner  a  vibratory  motion  is  set  up,  and  with 
each  backward  movement  of  the  armature  the  toothed  wheel  B 


Mg.  187. 

is  forced  forward  one  cog,  so  thai  the  lever  c  C  is  soon  released^ 
from  the  pin  ^  and  falls  on  the  contact  screw  rf,  placing  the  local 
battery  in  circuit     The  continued   vibration  of  the  armature 
keeps  the  wheel  in  motion,  the  arm  D  is  thus  brought  againsl^i 
the  hammer  lever,  and  the  latter  carried  forward  a  certain  dis^H 
tance  and  tlien  released,  when  the  hammer  strikes  against  the^^ 
bell  with  considerable  force.     With  the  complete  revolution  of 
the  wheel  the  pin  g  engages  with  the  lever  C  c  again,  and  oace 
more  closes  the  main  current 
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^M   COMBINAXIOy  OF   A   SINGLE    CALL    BELL  WITH  TWO  OR  MOBE 
^P  RELAYS  FOR  SEVERAL   LINEa 

I  When  two  or  more  wires  terminate  at  one  placo  a  single 

call  bell  may  be  nmiJe  to  answer  for  them  all,  but  in  such  cases 
each  relay  must  be  provided  with  some  arrangement  such  as  the 
rod  F  M  in  fig.  185,  to  show  on  which  of  the  lines  the  signal  has 
been  sent.  Fig,  188  shows  an  arrangemeut  of  this  kind.  A  is 
the  elect|o-magnet  of  the  relay,  whose  armature  ends  in  a  bent 
hook,  IT,  which  engages  with  tlie  rod  FI;  m  and  ii  are  two 
screws  attached  to  the  upright,  D  K,  and  serve  to  limit  the  play 


I      the 
L     int 
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Fig,  188, 


of  the  armature.  This  upright  is  made  in  two  parts,  insulated 
from  each  other;  the  one  marked  D  is  coaoected  to  one  pole  of 
the  local  battery ;  the  other,  K,  is  connected  by  a  wire  S  to  the 
interrupting  spring  M  of  the  vibrating  bell  already  described, 
hen  the  armature  of  the  relay  magnet  is  attracted,  its  upper 
part  is  brought  in  contact  with  the  screw  n  and  the  local  circuit 
is  completed,  at  the  same  time  tbe  attraction  of  the  armature 
releases  the  rod  F  I,  which  is  raised  by  the  action  of  the  spring  rf, 
and  thus  shows,  when  attention  is  called  hj  the  bell,  which  line 


aas  given 


the  signal 
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re  viriuauy  n^^-i 
there  are  re-^  \ 

F  is  agaia  de— H 
is  lield  untiE^  1 


Eachof  thoBereral  relays  are  connected  with  the  bell  magne^ 
ia  the  manner  shown  in  the  figure,  so  that  there  are  virtually 
many  distinct  keys  for  closing  the  local  circuit  as 
lays.     After  the  call  has  been  observed  the  knob  F 
pressed  when  it  eogages  with  the  armature  and 
released  by  another  sigoal. 

It  is  frequently  desirable  that  the  bell  should  continue  to  ring* 
after  the  main  line  current  has  ceased  j  and,  in  order  that  thia 
may  be  the  ca^e,  the  upper  part  of  the  pillar  D  K,  fig.  188,13  made 
the  same  as  its  lower  part,  in  two  sections,  P  and  Q,  and  encb. 
insulated  from  the  other.     Two  wires,  S'  Z\  shown  by  the  dotted 
lines,  connect  Q  and  P  respectively  to  the  wires  S  and  Z  when^ 
therefore,  the  rod  F  I  is  release<l,  the  actionof  the  spring  ci  brings 
the  small  platinum  tipped  piece  e  agiiiast  a  similar  contact  on  Q 
and  forms  a  second  closing  of  the  local  circuit,  so  that  the  bell 
continues  to  ring  until  the  call  has  been  observed  and  the  knob 
depressed. 

SIEMENS  AND  HALSEE'S  RELAY  WITH  ANNUNCIATOR  PLATE. 

These  instruments  are  made  In  a  very  perfect  manner,  and  are 
much  used  on  the  German  Fire  Alarm  Telegraph.    Fig.  189  rep*  j 
resents  a  perspective,  and  fig.  190  a  sectional  view  of  the  relay, 
which  does  not  diffjr  materially  from  the  ordinary  forms,  excepy 
in  the  addition  of  the  annunciator  disk  and  lever  b  c  rf,  pivot 
at  c     The  relays  are  made  for  both  open  aad  closed  circuit 
the  one  represented  being  designed  for  closed  circuits*     The  line 
connections  are  ma  le  at  1  and  2.     K  aud  B  connect  with  th€ 
Morse  recording  apparatus,  while  the  alarm  bell  is  joined  to  Al 
and  the  metallic  piece  W  V,     In  its  normal  state  the  lever  of' 
the  disk  is  held  in  a  horizontal  position  by  the  hook  on  the 
lever  a  «,  but  with  any  interruption  of  the  main  circuit  the  ar- 
mature is  drawn  off  by  the  action  of  spring/  and  releases  the 
disk,  which  is  now  raised  to  a  vertical  position  by  the  weight  6/ 
this  closes  the  call  circiii!.  at  i  at  tie  same  time  tliat  the  armature 
a  a^  falliug  on  tiie  back  contact  m,  actuates  the  Morse  recording 
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ritment     When  the  aut*>matic  vibmting  bell   is   used  the 
iging  is  kept  up  until  the  lever  and  disk   are  returned   to 
tieir  horizontal  position  hy  the  operator, 


CLOCK  WORK  ALABM. 

!  calls  arc  constructed  in  various  ways,  to  suit  the  different 

kOsCvS  for  which  they  are  to  serve ;  in  some  the  hammer  is 

bpemted  by  weights  or  springs,  and  made  to  give  a  single  stroke 

>r  each  impulse  of  current  sent  into  the  line;  in  others,  the 

>kes  are  repeated  a  certain  number  of  times ;  or  again,  the 

Bnging  is  continuous ;  but  in  all  cases  the  current  has  only  one 

inction  to  perform,  that  of  releasing  the  train  of  dock  work 

his  is  usually  aecomplislied  by  the  action  of  an  electro-magnet 

bn  its  annatui-e,  and  the  weights  or  springs  cause  the  signalling. 

in  important  and  much  used  apparatus  of  this  kind  is  that  of 

lagendorff 's,  which  gives  but  a  single  stroke  for  each  depression 
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of  tbe  sigBaling  kej»  and  which  is  therefore  preferable  to  the 
vibratiog  l)ells  for  many  purposes,  especially  id  places  where  tbe 
rattle  ol  the  latter  is  likely  to  be  more  or  less  anDoyiog. 

The  use  of  weights  or  springs  for  causiDg  the  separate  bell  taps 
is  also  to  be  preferred  lo  the  tapping  from  a  clapper  cariiad  by 
thearmatore  lever,  as  with  the  latter  arrangement,  owing  to  an 
occasional  tardy  withdrawal  of  the  hammer,  the  signals  are  not 
always  very  distinct. 


Fig.  191. 


Fiff.  l^X 


Figures  191  to  194,  inclusive,  show  the  princip;il  parts  of 
Hagendorffs  apparatus;  the  letters  refer  to  the  same  parts  in 
each  figure. 

Figure  191  gives  an  interior  view  of  the  worka  B  B  is  part 
of  the  brass  frame  to  the  back  of  which  is  attached  an  electro* 
magnet  M  \  fig.  193  represents  the  inside  view  of  the  same  plate. 
The  wheel  I,  fig.  191,  is  loose  on  the  axis  n*  and  carries  a  disk 
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g^  better  shown  in  figure  192  ;  this  is  provided  with  a  detent  S 
and  spring  F  F^  which  presses  tlio  former  into  the  teeth  of  the 
ratchet  wheel  Z,  thus  preventing  tlie  latter,  as  well  as  the  wheel 
B,  which  is  fastened  to  it,  from  tuniiiigin  the  direction  inilicated 
by  the  arrow  without  at  the  same  time  causing  the  wheel  1  to 
turn  with  it  The  wheel  R  ia  provided  with  radial  pins  which 
catch  in  a  chain  |>assing  over  it  and  attached  to  the  weight  P, 


Fig.  193. 

fig.  194,  the  pins  sending  to  prevent  the  chain  from  slipping.  As 
will  be  seen,  the  ratchet  allows  the  wheel  Z  and  R  to  be  freelj 
turned  in  a  directiou  opposite  that  indictited  by  the  arrow ;  this 
raises  the  weight  P,  which,  m  descending  again,  sets  the  whole 
train  in  motion,  wheel  1  eommimieating  its  movement  to  wheel 
11,  and  the  latter,  in  turn,  acting  on  axis  g^  and  stop  lever  / 
connected  to  it. 


ELECTRIC   CALL   BELLS. 


The  wheel  11,  fig,  198,  carries  near  its  circumference  eight  < 
ten  projecting  pins,  k  h,  which  raise  the  arm  1  on  the  axis  h 
powerful  springs  S,  suiTotinding  this  axis  and  in  comixmnicatia 
with  it  and  with  the  frame  of  the  appai'atiis,  tends  coutinoallv ) 
keep  the  arm  depmssed.  When,  therefore,  the  latter  is  raises]  1 
the  revohition  of  tlje  wheel  the  sprin)L2^  is  subject  to  constdcrablj 
tension,  and  as  soon  as  a  pin  passes  from  under  the  arm,  cats 


Fig.  VJ^ 

the  latter  to  descend,  and  the  hammer  K,  attached  to  the  axis  i 
by  the  ann  n,  ytrikcii  the  bell  with  some  violence     The  pin 
senses  to  hmit  the  play  of  the  arm  n. 

Figure  191  represents  the  relay  annature  attracted-  Whe 
no  current  passes  in  the  coils  of  tlie  magnet  the  armature 
mains  down  and  the  train  work  is  arrested  by  the  arm  /\  whic 
catches  in  the  escapement  tf  e  e'.  The  ends  c  e'  of  the  escapeme 
are  so  made  that  the  back  one  e  is  a  little  nearer  than  the  frour 
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one  ^  to  the  plate  B  B,  but  the  two  are  attached  to  one  piece, 
and  move  together  with  any  movement  of  tlie  armatura  The 
operation  of  the  apparatus  will  now  be  readily  understood. 
When  a  current  is  sent  into  the  line  the  armature  of  magnet  M 
is  attracted,  the  front  point  t'  of  the  escai)ement,  fig.  191,  is 
moved  to  the  left,  and  the  arm /is  carried  forward  by  the  action 
of  the  weight  on  the  train  work  to  a,  and  as  soon  as  the  circuit 
is  broken  e  moves  toward  the  back  B  B,  and  the  arm  makes 
one  complete  revolution,  when  it  is  stopped  again  by  e^  Simul- 
taneously with  this  movement  the  pins  A  h  pass  under  the  arm 
Z,  and  the  hammer  striked  against  the  bell,  making  one  tap  for 
each  make  and  break  in  the  ciieoit 
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THE  ELECTBIC  LIGHT. 


"When  the  terminal  wires  of  a  battery  containing  a  number  of 
cells  are  brought  together,  and  then  separated  slightly,  there 
results,  as  is  well  known,  an  intense,  bright  light  between  tliem, 
and  to  this,  on  account  of  its  curved  form^  the  name  electric 
arc  has  been  given.  If  the  circuit  is  not  imme<liatcly  bn  '  - 
the  ends  of  the  wires  rapidly  become  heated,  and,  in  a  very  sLoi. 
time,  melt  and  drop  off  in  glowing  globulea  Portioixs  are  even 
volatilized  and  pa.«s  off  as  vapor,  whose  color  varies  with  the 
kiud  of  metals  employed,  and  with  the  malium  in  which  the 
exi>eriment  is  made.  The  distance  between  the  ends  conse- 
quently increases  rapidly,  and  a  point  is  soon  reached  at  which 
the  light  is  iuterrupted,  the  electro-motive  force  of  the  batter 
being  then  no  longer  sufficient  to  maintain  a  current  against  tl 
opposing  resistance.  .  If^  however,  the  wires  are  again  brought 
together,  and  then  separated  as  before,  the  arc  is  once  more 
established,  but,  as  we  have  just  seen,  it  will  last  only  for  ih^ 
very  short  time  daring  which  the  electro-motive  forcse  is  suiB* 
cient  to  overcome  the  resistance  bHween  the  ]3ointa 

When  two  pointed  pieces  of  hard,  conducting  carbon  are  i 
for  tlio  tenninals,  as  shown  in  fig.  19o»  the  light  becomes  ol 
dazzling  brightncsSj  too  intense,  by  far,  if  the  number  of  cells  b 
considerable,  to  be  carelessly  regarded  by  the  unprotected  eye 
alone.  By  viewing  it  through  colored  glass,  however,  or  by 
projecting  an  image  of  it  upon  a  screen,  it  may  be  studied 
without  danger. 

As  the  nimiber  of  cells  is  augmented,  the  light  beoona^  not 
only  more  intense,  but  the  arc  may  be  niaterially  lengthened^ 
while  its  tern peniture,  at  the  same  time,  is  still  furtlxer  increased. 

In  the  brilliant  experiments  of  Davy,  which  were  performed 
at  the  beginning  of  the  present  century,  with  some  2,000  cells  of 
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battery,  and  whicli  wei'6  the  first  that  were  made  on  an  extended 
scale,  an  arc  of  four  inches  in  length  was  obtained  in  the  open 
air,  and  in  vacuo  it  increased  U^  seven  inches.  Since  then,  more 
powerful  elements,  and  greater  numbers  have  been  employed, 
and  the  resulting  effects  have  been  on  a  corresponding  scala 

In  temperature  a.s  well  as  brightness,  the  voltaic  arc  exceeds 
all  other  artificial  sources  of  heat ;  by  its  means  the  most  refrac- 
tory substances  are  fused  and  volatili^sed,  including  even  the 
diamond  itself,  which  Despretz  succeeded  in  reducing  to  vapor. 


Fig.  195. 

An  the  light  continues,  the  positive  carbon  is  found  to  waste 

away  much  more  rapidly  than  the  negative — a  fact  fii-st  observed 

by  SilHman — and  although  the  latter  is  first  to  become  heated, 

ita  teni})erature  in  the  end  is  less  than  that  of  the  former,  as  may 

be  seen  when  the  Ught  is  interrupted,  the  positive  carbon  then 

r  continuing  to  glow  for  some  time  after  the  negative  has  become 

rdark.     In  addition  to  this,  it  is  also  found  tliat  particles  of  the 

[carlxju  are  forcibly  detiw-'hed  from  the  pencils  and  carrietl  across 

[the  arc.     This  transport  of  particJes  can  be  rendered  \nsible  to  a 
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large  number  of  persons  at  one  time  by  throwing  an  image  of 
the  heated  points  upon  a  screen,  with  the  aid  of  a  lena  On 
watching  the  image  for  a  few  minutes,  incandescent  paiticles 
will  be  observed  traversing  the  length  of  the  arc,  sometimes  in 
one  direction  and  sometimes  in  the  other,  the  prevailing  dii 
tion  being,  however^  that  of  the  positive  current.  This  circi] 
stance,  which  appears  to  be  connected  with  the  higher  temj 
ture  of  the  positive  terminal,  explains  the  difference  betvvt 
the  forms  assumed  l>y  tlie  two  cai'bons.     The  point  of  the  pt^ 
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tive  carbon  becomes  concave,  while  the  negative  remains  point 
and,  as  stated  above,  wears  away  less  rapidly.    In  vacuo 
difference  is  still  more  marked    A  kind  of  cone  then  grows  upo~ 
the  negative  carbon,  while  a  conicrd  cavity  is  formed  in  tt 
positive. 

Fig.  196  shows  a  convenient  apparatus  for  experimenting" 
with  the  light  in  vacuo  and  in  various  g^ise^     It  consists  of 
bell  shaped  rweiver  of  glass,  provided  with  three  tubular  oj 
in^  two,  d  and  o,  opposite  each  other,  and  the  third,  6,  on 
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To  the  latter  is  fitted  a  stop  cock  and  tube,  which  serve  for 
aecting  the  apparatus  with  the  air  pump,  and  aL^o  for  intro- 
ducing various  gases  when  necessary.  The  other  two  serve  to 
bring  the  two  electrodes  opp*:)site  each  other^  inside  of  the 
receiver,  and  are  pro\ide<l  with  tiglitly  fitting  caps  through 
which  the  electrodes  pass.     The  one  over  the  opening  e  allows 

I  the  electrode  n  to  be  pushed  in  or  out  at  pleasure,  and  carries, 
besides,  a  scale  o,  by  meatia  of  which  the  length  of  the  are  may 
readily  be  ascertained.  A  ground  glass  plate^  clamped  to  the 
bottrini  of  the  receiver,  completes  the  details  for  rendering  the 
apparatus  air  tight 
With  the  arrangement  shown  in  ligs.  195  and  196,  the  light, 
as  we  have  already  seen,  is  soon  extinguished,  owing  to  the 
increased  distance  between  the  points  by  the  burning  or  wasting 
away  of  the  carbons ;  conseqaenilyj  when  we  re<piire  to  use  it 
continuously  for  any  considerable  length  of  tinie,  it  becomes 
necessary  to  employ  some  mechanical  means  for  keeping  the 

I  pencils  at  the  right  distance  apart,  or  for  bringing  them  together 
again  automatically,   if  from  any   chance  cause  they  jshould 
[become  separated  sufficiently  to  cause  the  light  to  go  out.     A 
^reat  many  forms  of  apparatus  have  been  devised  for  this  pur- 
pose, some  exceedingly  simple,  and  others  more  or  less  compU- 
eated. 
Fig.  197  shows  a  form  of  lamp  devised  by  Duboscq,  and  oper- 
ated by  the  comljined  action  of  the  current  and  a  system  of 
I      wheel  work,  driven  by  a  spring  in  connection  with  one  of  the 
^bwheels. 

^^       On  a  circular  brass  plate  A,  is  mounted  a  metallic  tube  B,  to 
which  is  attached  the  binding  post  C.     A  metalHc  rod  1),  sliding 
this  tul>e,  carries  at  its  top  the  arm  E,  to  which  is  also  attached 
and  socket  for  holding  the  upper  carbon.     This  rod  is 
auged  to  slide  in  the  arm  E,  so  that  it  may  be  moved  up  or 
3Wn  for  a  limited  distance,  aod  is  held  tightly  in  any  position 
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[vided  with  a  rack  F,  which  engfiges  with  the  wheel  G,  and  the 
sitter  again  is  pressed  on  to  the  axis  of  another  wheel  H,  and 
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firmly  held  in  place  by  frictioix  Within  a  barrel  connected  witb 
wheel  H  there  is  a  powerful  spring,  which  serves  as  the  motive 
force  for  actuating  the  mechanism  of  the  lamp.  A  doable  radc 
J,  terminating  above  in  the  rod  O,  which  passes  throng^  an 


Fig.  197. 

insulating  guide  in  the  cover,  and  is  provided  with  a  socket  for 
holding  the  lower  carbon,  engages  on  one  side  with  the  whad 
H,  and  on  the  other  with  the  axis  of  wheel  KL  This  wheel,  in 
like  manner,  engages  with  the  pinion  of  wheel  L,  better 
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fig.  198,  and  the  latter  again,  with  an  endless  screw  M  on 
the  prolongation  of  the  axis,  carrying  the  cog  wheel  N  and 
fly  X.  An  electm-magnet  P,  consisting  of  a  hollow  iron  tube, 
with  its  helix  of  insulated  copper  wii'e,  is  placed  in  the  base  of 
the  lamp ;  and  one  end  of  the  wire  of  the  helix  is  connected  to 
the  binding  y>ost  V,  ini5ulated  from  the  co%^cr,  the  other  to  the 
lower  end  of  the  rack  J,  which  moves  up  and  down  in  the  hollow 
of  the  core.     A  circular  piece  of  iron  Q,  attached  to  the  l^eut 
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[lever  R  S  T,  serves  as  an  armature  to  the  magnet,  and  when 
[attracted  by  the  latter,  causes  the  pallet  of  the  supplementary 
[lever  U,  which  is  controlled  by  the  long  lever  R  S  T,  to  catch  in 
[the  wheel  N,  and  thus  arrest  its  motion  and  that  of  the  train  of 
[wheels  with  which  it  is  in  connectioa  There  is  also  a  pin  or 
in  connection  with  the  apparatus,  that  can  he  pushed  in  from 
Ithe  outside,  and  made  to  sUut  or  st<  »p  the  train  work  when 
lesired. 
When  the  lamp  is  to  be  used,  the  nw  1  D  is  raised*    This  causes 
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the  wheels  Gr  and  H  to  revolve,  and  thus  at  the  same  time 
lowers  the  rod  0,  so  that  the  cai^bona  can  be  inserted.  If 
allowed  to  act  bow,  the  spring  within  the  barrel  connected  with 
H  will  cause  the  carbons  to  ai>proaeh  and  touch  each  other. 
The  batteiy  can  then  be  connected;  the  positive  pole  to  the 
post  V,  the  negative  to  C.  With  the  pa^isage  of  the  current 
thi'ough  the  coil  surrounding  the  core,  the  armature  will  be 
attracted  and  the  train  tluus  locked ;  but  the  points  may  be  properly 
sepamted  again  by  raising  the  rod  carrying  the  upper  carbon, 
and  the  light  irill  then  shine  out  in  all  its  brilliancy.  As  the 
carbons  burn  away  the  current  neoessaril}^  becomes  weaker,  on 
account  of  the  increased  resistance  of  the  arc,  and  a  time  sooa 
comes  when  the  magnet  is  no  longer  strong  enough  to  retain  the 
ai^mature.  The  retractile  spring  then  prevails,  and  releases  the 
wheel  N,  and  thus  allows  the  spring  in  the  barrel  of  II  to  act 
and  bring  the  points  once  more  near  each  other.  With  the 
decrease  in  the  distance  between  the  points,  the  current  becomes 
stronger  and  the  armature  is  again  attracted,  A  moment  more^  it 
is  again  released  and  again  attracted,  and  so  its  position  con- 
tinues to  vary  from  time  to  time  with  the  changes  in  the  strength 
of  the  current.  It  therefore  becomes  possible,  by  the  use  of  the 
lamp,  to  maintain  the  light  for  a  very  long  time  without  inter- 
ruption. As  will  be  observed,  the  diameter  of  wheel  H  is 
double  that  of  wheel  G,  and  consequently  the  carbon  connected 
with  the  holder  0  moves  through  twice  the  distance  of  that  in 
the  upper  holder.  The  object  of  this  is  to  compensate  for  the 
more  rapid  wasting  away  of  the  positive  carbon,  which,  as  has 
been  fouud^  consumes  ali^^ut  twice  as  fast  as  the  negative.  The 
use  of  wheels  of  different  diameters  thus  furnishes  the  means  for 
keeping  the  light  at  a  given  point,  which  is  a  matter  of  consider- 
able importance  in  almost  all  of  the  uses  to  which  it  is  applied ; 
and  when  a  reflector  is  use<i^  is  absolutely  necessary,  as  other- 
wise it  would  be  all  but  impossible  to  keep  the  light  properly 
focused. 

Fig.  199  sliows  another  form  of  lamp,  devised  by  Foucault 
In  this  there  are  two  systems  of  wheel  work,  one  for  bringing  the 
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carl>ons  together  and  the  other  for  separating  them^  and  it  is  prira 
cipally  in  the  addition  of  this  last  arrangement  that  the  lamj 
differs  from  that  of  Duboscq,  there  being,  in  the  latter  form,  nc 
provision  for  autoraatioally  relighting  the  lamp  in  case  it  should 
accidentally  go  out-     L'  is  a  barrel  driven  by  a  spring  inek 
within  it,  and  driving  sevend  intermediate  wheels,  which 
mit  its  motion  to  fly  o.    L  is  the  second  barrel,  driven  by 
stronger  spring,  ancl  driving  in  like  manner  the  fly  o\     The 
racks  which  caiTj  the  carbons  work  vi^th  toothed  wheels  attached 
to  the  barrel  L\  the  wheel  for  the  positive  carl*on  having  double 
the  diameter  of  the  other,  the  same  as  in  the  Duboi?cq  lamp^J 
The  current  enters  at  the  binding  screw  C,  on  the  biise  of  tbej 
apparatus,  traverses  the  coil  of  the  electro-magnet  E,  and 
through  the  wheel  %vnrk  to  the  rack  D,  which  cnrrie-s  the  positivei 
carbon.     From  the  positive  carbon  it  passes  throngh  the  vollaici 
arc  to  the  negative  carbon,  and  thence,  through  the  support  H, 
to  the  binding  screw  connected  with  the  negative  pole  of  the 
battery,     When  the  armature  F  descends  toward  the  magnet^l 
the  other  arm  of  the  lever  F  P  is  raised,  and  this  movement  is] 
resisted  by  the  spiral  spring  R,  which»  however,  is  not  attache 
to  the  lever  in  question,  but  to  the  end  of  another  lever,  pressing 
on  its  upper  side  and  movable  about  the  point  X.     The  lower] 
side  of  this  lever  is  curved,  so  that  its  point  of  contact  with  th^ 
first  lever  changes,  giving  the  spring  greater  or  less  leverage,! 
according  to  the  strength  of  the  current     In  virtue   of  this] 
arrangement,  which  is  due  to  Robert  Houdin,  the  annattJ 
instead  of  being  placed  in  one  or  the  other  of  two  positions, 
in  the  ordinary  forms  of  ai>paratus,  has  its  position  accuratelj 
regulated,  acconling  to  the  strength  of  the  current     The  anchc 
T  t  is  rigidly  connected  with  the  lever  F  P,  and  f<>nows  its  oscil^ 
lations.     If  the  current  becomes  too  weak,  the  head  t  muves 
the  right,  stops  the  fly  o'  and  releases  o,  which  accordingly 
revolves,  and  the  carbons  are  moved  forwaifi     If  the  currentj 
becomes  too  strong,  o  is  stopi>ed,  o'  is  released,  and  tlie  carbons 
are  drawn  back.     When  the  anchor  T  t  is  exactly  verticiil^  bot 
flies  are  arrested,  and  the  carbons  remain  stationary.   The  cujnraFl 
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ire  of  tlie  lever  on  wliicli  the  spring  acts  Ijeing  very  slight,  the 
filiations  of  the  armatni*e  aiul  anchor  are  small,  and  very 
^lit  changes  in  the  strength  of  the  current  and  brilliancy  of 
tlie  hght  are  immediately  corrected. 

Mr.  Hart,  of  Edinburgh,  Scotland,  Las  invented  a  simple 
lamp,  in  which  the  weiglit  of  the  Totl  in  which  the  carbon  is 
fixed  supplies  the  place  of  the  clock  work  in  the  lamp  just  de- 
scribed, and  an  electro-raaguet  lets  it  descend,  or  locks  it,  as  the 
carbons  are  consumed, 

Mr,  Farmer,  of  Newport,  R.  L,  baa  also  invented  an  automatic 
lamp,  containing  but  little  train  work,  and  whose  action  is  con- 
trolled by  a  regulator  or  rela}-,  consisting  of  an  axial  magnet, 
I      the  coils  of  which  are  placed  either  directly  in  the  main  circuit 
I      or  in  a  branch  of  the  mine,  and  a  delicately  poised  le%^er,  from 
Lone  end  of  which  the  axis  bar  of  the  coil  is  suspended.     The 
^^Betion  of  the  current,  when  too  strong,  tips  the  bar  in  one  direc- 
^Kion,  and  when  too  weak  a  retractile  spring  tips  it  in  the  other. 
^pt  is  the  employment  of  this  ix'lay  to  operate  the  mechanism  of 
^Ehe  himp,  through  the  intervention  of  local  or  branch  circuits, 
ii'hich  conir^titutes  the  princi]>al  difference  between  this  and  most 
of  the  other  forms  of  lam]>s  now  in  use.     The  train  of  wheel 
^work,  driven  by  a  spring,  tends  to  cause  the  carbons  to  approach 
^act  other,  but  the  motion  is  arrested  il  the  armature  of  a  small 
electro-magnet,  forming  part  of  the  apparatus,  is  attracted.     The 
siting  bar  of  the  regulator  closes  the  loc^il  circuit  of  this  releas- 
ing magnet  whenever  the  current  is  of  the  proper  strength,  Imt 
^^B  soon  as  the  current  wx^akens,  by  the  burning  away  of  the 
^points,  the  retractile  spring  of  the  regulator  causes  the  lever  to 
open  the  brancb  circuit  of  the  relea^^ing  magnet,  and  the  arma- 
Imre  of  the  latter  then  allows  the  train  to  move.     The  carbons, 
^K^nsequcntly,  approach  each  other  until  the  main  current  again 
^Bieom^s  of  such  strength  that  the  regulator  closes  the  bninch 
^Brcuit  of  the  detaining  magnet,  and  thus,  once  more,  stops  the 
Amotion  of  the  train. 

When  the  points  run  into  actual  contact,  after  iiie  arc  has 
j     been  broken,  tlie  light  is  again  established  hy  a  third  electro- 
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magnet,  also  in  the  main  circuit,  which  withdraws  the  lower  cftT 
boii  fix>in  contact  with  the  upper,  and  hoUls  it  in  position  until ^ 
the  arc  is  again  liroken.     The  movement  of  the  carbon  holders 
is  caused  by  the  action  of  two  screws  so  geared  together  tbat  ooe  | 
l>eiicil,  the  positive,  moves  twice  as  rapidly  as  the  othen 

There  are^  besides,  conveniences  attached  to  each  of  the  car* 
bon  j>encil-hokler3,  so  that  thej  can  be  disengaged  from  the  ^ 
gcrews  and  mtjved  independently  to  any  i-equired  position  at  j 
plcai^ure.  The  holders,  also,  adjivit  of  sejjsirate  adjustments  oa 
a  vertical  axis,  so  that  by  this  means  the  carbons  can  be  pkccd  1 
in  a  perpendicular  line,  one  above  the  other.  The  spring  doei^ 
not  neeil  rewinding  oftener  than  new  C4irbons  are  supplied,  andj 
the  performance  of  the  lamp  is  very  satisfactory.  It  has  bee 
run  for  hours  when  required,  and  no  reason  exists  why  it  shmili 
not  nin  continuously  until  the  pencils  are  consumed,  provide 
it  be  pro]ierly  adjusted  at  first 

Within  the  last  two  years  a  new  form  of  electric  light  appa-' 
ratiis  has  been  introducetl  in  France  and  elsewhere,  which,  fruD 
the  remarkable  properties  that  have  been  attribateii  to  it 
attracted  a  great  deal  of  attention.     The  invention  is  due  to 
Jablochkoff,  a  Russian  engineer,  and  is  known  as  Jablochkof 
caiKlle,    ■  It  consists  of  two  carbons  placed  side  by  side,  and 
arated  by  an  insulating  and  fusible  substunca     No  clock  woij 
whatever  is  required^  and  the  light  is  very  soft  fmd  stead 
Fig.  200  shows  the  armngement  as  originally  designed, 
carlx)na  a,  i,  some  foiu'  inches  in  length  and  one  quarter 
an  inch  square,  are  imbeddeil  in  an   insulating  substance 
the  carlx»n  slips   being  also  separated  from  each  other  soa 
three  sixteenths  of  an  inch,  and  the  whole  moulded  into  the 
slia|>e  of  a  candle.     In  order  to  facilitate  the  early  action  of 
current,  a  small  piece  of  carbon,  about  the  size  of  the  lead  of  i 
ordinary  lead  pencil,  is  placed  across  the  top  of  the  ele«tn>dc 
A  series  of  experiments  with  candles  of  tbis  description  weJ 
carried  out  at  Clmtham  some  time  since,  and,  it  is  stated, 
power  then  obtained  was  some  fifty  per  cent  gi-eater  than 
obtained  previously  from  the  recognized  electric  light 
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Since  then^  M.  Jablochkoff  has  twice  modified  this  anunge- 
ment,  each  mcHiification  being  attended  with  success  beyond  that 
obtained  by  the  preceding.  His  first  proeee^ling  was  to  divest 
the  carbons  of  their  outer  covering,  leaving  nothing  but  the 
carbon  sHps  ct,  h  (fig.  201),  and  theinten^eningsubstaneei  kaoline, 
c  Each  carbon  is  fixe<l  io  a  small  brass  tube  t/,  e,  the  lower 
portions  of  which  ai^  left  vacant,  so  that  they  may  fit  over  two 
metal  pins,  attached  to  which  are  the  wires  from  the  magneto 
machine-  These  tuhCvS  are  insulated  one  from  the  other,  and 
the  whole  bound  together  by  a  band  of  insulating  material/ 

The  latCsSt  modification  erabracas  the  removal  of  the  carbons 


ng.  20L 


and  the  replacement  of  them  by  a  carbon  paste,  a  sort  of  prim- 
g,  the  object  of  which  is  to  reduce  the  resistance  which  the 
aoline,  when  cold,  interposes  to  the  passage  of  the  current 

TVith  this  arrangement  a  splendid  band  of  light,  constant,  soft 
d  steady,  is  obtained. 

The  principal  advantages  of  the  candle  appear  to  be  due  to 

e  fact  that  it  is  neither  dazzling  nor  blazing,  and  does  not, 

erefore,  surround  the  various  objects  illuminated   with  the 

greeable  hjize  and  gliastly  shadows  that  are  observed  when 

the  ordinar)''  electric  light  is  used.     It  is^  however,  somewhat 

more  expensive,  but,  as  a  compensation,  is  said  to  allow  of  a 
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greater subdii'ision  of  the  euiTent — as  many  as  fifty  Ugbtsl 
\HHin  maintained  hx>m  a  single  source  by  its  usa 

A  novelty  in  electric  lanijis  Las  just  been  brought  ont  by  Mr, 
Wallace,  and,  wo  leani,  will  soon  be  placed  in  the  market  at  i 
very  low  figxire.     It  consists  principally  of  a  substantial  met&lli 
'  frame  imd  an  eleetiTi-magnet    There  are  two  slidt*s  in  tlie  frame^^ 
each  capable  of  holding,  in  a  horizontal  position^  the  two  carboas 
which  are  made  in  the  fonn  of  plates,  twelve  inches  long 
two  and  a  half  wide,  and  half  an  inch  thick.     The  uppers 
lower  parts  of  the  fmmework  are  insulated  from  each  other,  i 
in  electincal  connection  with  two  binding  posts,  on  the  up[ie 
part,  servuig  to  connect  them  with  the  magneto  machine    Ti 
electro-magnet,  through  whose  heUces  the  main  current 
lates,  is  placed  in  the  centre  of  the  frame  above  the  carlwns,  an 
by  its  actii>M  on  an  armature,  serves  to  separate  the  upper  ca 
from  the  lower,  to  any  distance  desired. 

Wlien  the  lamp  is  joined  with  a  magneto  machine  by 
of  the  binding  posts  and  conducting  wires,  the  circuit  is  com-' 
pleted  through  the  carbons,  which  touch  each  other,  and  theP^ 
armature  is  attTactcd,  thus  separating  and  holding  them  apart  i 
long  as  the  current  is  maintained.     The  light  burns  toward  l 
opposite  end  from  which  it  starter:!,  then   changes  and  bur 
back  again,  always  burning  toward  the  place  where  the  carl 
are  nearest     If,  from  any  cause,  the  light  goes  out,  the  circuit! 
broken,  and,  of  course,  the  electro-magnet  ceases  to  act     Bat 
the  instant  the  upper  carbon  falls  the  circuit  is  again  closed,  $U 
the  carbons  are  once  more  sepamted  and  relighted. 

Tlie  advantixges  of  this  lump  are  that  it  contains  no  combil 
tion  of  wheels  or  springs,  and,  consequently,  there  is  no  wind 
up  of  the  ai>paratus  to  look  after.    The  carbons,  again,  are  so  lut 
tliat  they  will  htst  for  ten  nights,  of  ten  hours  each,  and 
lamp  requu'es  no  care  except  for  their  renewal     The  priioti<2 
disadvantage  that  suggests  itself  is  its  lack  of  means  for  mail 
taining  the  light  at  a  given  point,  so  as  to  use  it  in  c-onne 
with  a  reflector. 
'    Figs.  202  and  203  show  two  forms  of  the  Brush  electric  lam" 
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manufactui'ed  by  the  Telegraph  Sui>ply  Company,  of  Cleveland. 
^Fig,  202  is  a  hanging  lamp,  intended  for  factory  use ;  fig.  203 
*^ILn  a^ljustable  table  lamp. 

Thei-e  are  also  a  great  many  other  lampa,  such  as  Serrin's, 
Brownings,  Siemens s,  etc.,  and  all  of  wliich  are  more  or  less 
iployed  when  it  is  desired  to  maintain  the  constancy  of  the 
rht  for  long  continuous  workmg;  but  the  apparatus  we  have 
st  described  contain  most  of  the  principal  eharacieristies  and 
^nveniences  embodied  in  tlies«»,  and  it  will,  therefore,  be  nn- 
y  to  give  more  attention  to  this  part  of  the  subject  at 
It 
Instead  of  the  battery,  whose  eni|ilo\Tnent  for  light  purposes 
is  now  almost  exelu.sively  contined  to  tite  illustration  of  lecture- 
room  experiments,  and  physical  demonstrations  in  class  rooms, 
or  to  the  production  of  luminous  effects  in  theatrical  exliibitions 
— -places  where  it  is  seldom  con\^enient  to  employ  a  steam  en- 
gine— dynamo -electric  machines  ai-c  now  almost  universally 
d,  and  their  advantages  o\'er  the  l>attery  are  very  marked  in 
1  great  many  particulai's.  Of  late  years,  dynamo  machines  have 
so  been  extensively  intitxluced  in  electro  plating  establish- 
lents,  to  take  the  place  of  batteries,  l>ut  in  such  cases  their  con- 
iction  is  considerably  modified^  in  order  to  adapt  tbcm  to 
particular  kind  of  work.  As  oixUnaiily  constructed  for 
Igbt  purj>oses^  the  machines  would  have  an  eleetro-motive  force 
tr  too  high  for  plating,  wliere,  as  a  general  thing,  two  or  three 
jlts  are  all  tluit  are  requirai 

Large  magnoet-electrtc  machines,  for  light  purposes,  appear 

have  been  fii*st  suggested  by  Professor  Nollct,  of  Brussels,  in 

),  but  since  then  a  great  many  rnudificalions  and  improve- 

lents  have  been  introduced,  so  that  the  machines  of  to-day, 

Ithongh  depending  for  their  action,  like  the  earlier  ones,  upon 

lie  same  inductive  principle  by  which  mechanical  force  is  trans- 

^rmed  into  electricity,  are  neveitheless  far  superior  to  them, 

>th  as  reganis  economy  and  effect i\-eness  when  in  action. 

Fig.  204  represents  one  of  the  first  forms  of  tliese  machines  as 

constructed  by  Holmes,  of  London,  and  the  Compagnie  T  Alliance, 
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of  Paris,  and  which  at  one  time  promised  to  l^ecome  of  v^ry 
extensive  application  for  light-house  purposes. 

Ill  this  niachiiie  there  are  eight  rows  of  compound  liOTseslicie 
magnets  fixed  symmetrically  around  a  cast  iron  frame;  They  m 
so  arranged  that  the  opposite  poles  always  succeed  each  tilWr. 
both  in  e^icli  mw  and  in  each  circular  set  There  are  also  se\  eij 
of  these  circular  sets,  with  six  intervening  spaces.  Six  bronze 
wheels,  mounted  on  one  central  axifi,  revolve  in  these  intervala^ 


^7%^ .  f 
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the  axis  being  driven  by  steam  power,  transmitted  by  a  pulley 
and  liclt  The  speed  of  rotation  is  usually  850  revolutions  of  ihe 
axi*s  per  minute.  Each  of  the  six  bronze  wheels  carries*  at  its 
circmnferenee^  sixteen  coils^  corresponding  to  the  number  uf  polt^ 
in  each  ciirnlar  set.  The  core  of  each  coil  is  a  cleft  tube  of  soft 
iron,  this  form  having  been  found  peculiarly  favorable  to  rapid 
demagnetizatioa  Each  core  has  its  magnetism  revei'seil  sixteen 
times  in  each  revolution,  by  the  influence  of  the  sixteto  sucees-- 


ave  pairs  of  poles  between  wkich  it  passes ;  and  tlie  same  number 
of  currenta,  ia  alternately  opposite  directions,  are  generated  in 
the  coils.  The  coils  can  be  connected  in  different  ways,  accord- 
ing as  great  electro-motive  force  or  sn\all  resistance  is  required. 
The  positive  ends  are  connected  with  the  axis  of  the  machine^ 
which  thus  serves  as  the  positive  electrode;  and  a  concentric 
cylinder,  well  insulate<l  from  it,  is  employed  as  the  negative 
electrode. 

Li  1854  Siemens  devised  a  very  effective  armature,  which  has 
siDce  been  much  employed  by  other  manufacturers  in  different 
jrms  of  machines,  Tlie  principal  advantage  of  this  armature 
ilts  fi-om  its  occupying  but  little  space  for  rotation.  Conse- 
luejitly,  it  can  be  kept  iu  a  very  strong  magnetic  field ;  at  the 
I  time  als(>  its  form  renders  it  well  adapted  for  mtation.  It 
sts  of  a  peculiarly  shaped  electromagnet,  such  as  would  be 
tinned  by  cutting  two  wide  and  deep  longitudinal  grooves  oppo- 
ite  each  other  in  a  cylindrical  bar  of  iron^  and  then  continuing 
iem  around  the  ends.  Tlte  wire  is  wound  lengthwise  around 
le  core  in  the  groove,  like  thread  upon  a  shuttle,  and  brass  caps, 
>vrded  with  axes  and  a  pulley,  arc  then  stTewed  on  t<>  the  ends 
the  magnet  When  this  armature  is  mounted  between  the 
^les  of  a  series  of  permanent  horseshoe  magnets  and  rotated 
ily,  very  strong  currents  are  produced.  The  two  ends  of 
be  wire  are  connecter:!  with  a  commutator,  fonned  by  fastening 
ro  semicircular  pieces  of  brass  to  an  ivory  ring  on  tlie  axis,  and 
rings  bearing  upon  these  brass  pieces,  and  in  metallic  con- 
lection  with  the  binding  posts  of  the  apparatus,  supply  the  means 
[)r  collecting  and  conducting  away  the  electricity  juxKluced  in 
wire  coU& 
By  employing  two  of  these  armatures  and  tiking  advantage 
of  the  pn^perty  which  soft  iron  possesses  of  receiving  a  much 
higher  degree  of  magnetism  than  steel,  and  consequently,  there- 
^■ore,  of  its  capability  of  producing  stronger  currents  by  indue- 
^Bion  in  movable  coils  within  iti^  ilc-ld,  Mr.  Wilde,  of  Manchester, 
^Bfengland,  has  succeeded  in  constructing  very  energetic  machines, 
'     and  which  are  well  adapted  for  producing  the  electric  light 
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The  apparatus  in  reality  consists  of  two  machines  combined  in 
one.  The  current  from  one  of  the  Siemens's  ammtures,  pr 
daced  by  its  mpid  rotation  in  the  strong  magnetic  field  of  a  serie 
of  permanent  magnets,  is  employed  to  charge  a  large  and  powe 
ful  eloctro-magnct,  between  whose  poles  the  second  armature  i 
made  to  revolve,  and  the  current  from  the  latter  is  utilized  fo 
the  light 

Two  armatures  for  the  electro-magnet  are  sometimes  f urnishe 


with  the  machine,  one  with  wii-e  coils  for  the  production  of  co 
rents  of  rather  high  electro-motive  force,  to  be  u^ed  for  lighll 
purposes  alone,  and  the  other  with  coils  of  sheet  copper  Htrip6^i 
which  give  currents  of  less  electro-motive  force,  but  mure 
dally  adapted  for  plating.  With  tlie  interchangeable  armaturefl|| 
which  arc  driven  by  belts  running  on  pulleys  on  their  axis,  tlidi 
machines  am,  be  used  either  for  lighting  or  for  plating  at  pleas-  i 
ure,  and  this,  in  some  particular  cases,  is  a  very  desirable  featura 
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Numerous  other  ma^^hines  are  ooBStruct<?4  with  interchangeable 

Bannatures,  on  the  same  plan  and  for  the  same  purpose 

^^     Another  form  of  magneto  apparntus  is  that  known,  from  the 

name  of   its  inventor,  as  the  Ladd  macliine.      This  was  first 

publicly  exhibited  at  the  Paris   Exposition  of  1867,      It  is 

shown  in  fig,  205,  and,  as  will  be  seen,  employs,  like  the  Wilde 

machinei  two  Siemens's  annatures,  but  it  differs  from  the  latter 

■[principally  in  not  having  any  permanent  magnets  whatever  to 

"  charge  the  armature  which  supplies  the  horizontal  field  coils  B  B. 

Two  long  flat  pieces  of  soft  iron  are  placed  within  these  coils  and 

attached  to  the  iron  castings  or  pole  pieces  MM,  NN,  which  am 

turned  out  just  large  enough  for  the  annatures  to  fit  inside 

L^of  them  and  rotate  without  toncliing.     Thick  strips  of  brass 

^■or  other  non -magnetic  metal  arc  also  placed  between  the  upper 

and  lower  castings  M  and  N,  to  keep  them  sepamle  from  each 

other,  and  thus  subject  the  armatures  between  them  to  the  full 

force  of  their  inductive  action. 

The  connections  of  the  coils  are  such  as  to  produce  opposite 
Hjlarities  in  M  and  K;  and  the  armature  at  the  left  of  the  ma- 
chine supphes  the  field  coils,  while  that  at  the  right  furnishes  the 
current  for  the  light. 

One  of  the  most  remarkable  properties  of  these  machines  is 

iiat  by  virtue  of  which  they  become  capable  of  producing  exceed- 

agly  powerful  currents  from  the  smallest  beginnings ;  the  simple 

'  reactive  effect  of  the  very  slight  residual  magnetism  that  remains 

in  the  cores  after  they  have  ooce  been  chaj'ged  being,  in  fact^ 

ill  that  is  required,  on  revolving  the  armatures,  for  their  produc- 

^tion  ;  and  to  operate  a  new  machine,  it  is  only  necessary  to  place 

it  in  such  a  way  that  tlie  armatures  will  stand  in  the  magnetic 

^fcaeridian,  and  then  cause  the  one  which  supplies  the  field  coils 

to  rotate  rapidly     This,  of  coui-se,  causes  the  convolutions  of 

,  wire  surroiuidiag  the  latter  to  cut  through  the  lines  of  foixrc  due 

ten^estrlal  magnetism,  and  produces  in  them  electricJil  currents 

>f  greater  or  less  magnitude,  depending  upon  their  velocity  of 

station,  which,  on  traversing  the  larger  coils  B  B,  render  the 

[>res  and  pole   pieces  M  N  shghtly  magnetic*     The  reactive 
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effect  of  the  magnetism  in  the  pole  pieces  on  the  armatuie  is 
thus  adtled  to  thut  produced  ]>y  the  earth's  magnetism^  and  an  in- 
creiised  current  flows  into  the  field  coils.  A  greater  degree  of  mag- 
netism is  consequently  produced  in  the  pole  pieces,  which  causes 
tlie  latter  to  react  once  more  on  the  armatures,  and  tlie  result  of 
which  is  a  corresponding  increase  iu  the  curi^nt,  and  increase'! 
magnetism.  By  thiB  means,  therefore,  the  current,  in  an  exce*?<l 
ingly  brief  interval  of  time,  increases  from  nothing  to  a  maxi- 
mum of  strcugtii,  at  which  it  remains  practically  constant  for  a 
uniform  velocity  of  armature  rotation.  It  is  usually  better,  how- 
ever, and  much  more  Civtivenient  in  cliarging  a  machine  for  the 
first  time,  to  use  the  current  from  a  battery,  or  from  another 
machine  alrea<.ly  charged,  than  to  depend  alone,  for  this  effect 
upon  terrestrial  magnetism. 

The  machineii  thus  far  described  fm-nish  only  momentary 
currents  of  varying  strength  and  polarity.  If  currents  of  but  one 
rlueetion  ai-e  required,  these  intermittent  currents  must  be  recti* 
tied,  as  we  have  already  seen,  by  means  of  a  comrautattjr,  and 
this  causes  a  diminution  in  the  strength  of  cui-rent,  and  is  fre- 
quentl}'  accomjjanicd  by  tlie  production  of  sijarks.  Mn  Z,  J. 
Gramme  has,  however,  invented  a  machine  in  which  these  objec' 
tions  are  not  met  with,  as  the  current  obtained  from  it  flows 
continuously,  and  in  one  direction  only. 

The  magnetic  field  in  this^  as  in  other  machines,  is  created  bv 
a  powerful  magnet,  of  such  a  shape  that  its  poles  confront  each 
other,  and  its  characteristic  feature,  therefore,  lies  wholly  in  thd 
oonstnictiou  of  the  armature.     This  consists  of  a  ring  of  soft 
iron,  surrounded   by  an  evidless  coil  of  wire,  and  is   rigid! 
attached  to  an  axis,  so  that  it  can  be  made  to  revolve ;   o; 
half  of  the  ring  being  under  the  infiuence  of  the  north  pole, 
tlie  other  under  that  of  tlie  south  pole  of  the  magnet 

As  the  ring  revolves,  every  portion  of  it  changes  position  in 
the  mi^gnetie  field ;  but  no  current  is  developed  in  the  wh*e.  con- 
sirlcred  as  a  whole,  as  the  latter  entirely  surrounds  the  ring,  and 
the  magnetic  state  of  this,  as  a  whole,  remains  unchanged.  A 
considered  by  itself,  however,  changes  polarit 
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twice  during  every  revolution.  As  it  recedes  from  one  pole,  it 
B  genenites  in  the  surrounding  wire  an  electro-niolive  force,  the 

saijie  as  that  generated  when  it  approaclies  the  other  pole,  and 
I  the  two  electro-motive  forcea,  consequently,  oppi*se  each  other, 
■  l)ut  whenever  an  extenud  conductor  k  pro\'ided  between  them, 

they  unite  and  pr<^luce  a  cuiTent 

»Iu  practice,  the  ring  con.^ists  of  a  bundle  of  soft  iron  wire,  and 
the  helix  is  made  in  sections,  eacli  one  of  which  is  connected  to 
iM  neighhor,  and  also  to  a  strip  of  brni^a  forming  the  means  of 
oonnecting  with  the  external  circuit  During  a  revolution,  and 
when  the  electro-motive  forces  of  opjwsite  sections  are  at  a  max- 
imum, the  corresponding  brass  strips  touch  a  couple  of  metallic 
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springs,  and  thus  make  connection  with  the  external  conductor. 
The  peculiar  construction  of  the  ring  will  be  seen  by  referring  to 
fig.  206,  where  several  sct.'tiona  of  the  wire  B  B  are  bIiowti  upon 
the  ring  A.  The  figure  also  shows  the  way  in  which  connection 
id  made  with  the  bra^ss  strips  li 

A  convenient  furm  of  the  Granime  machine,  constructed 
especially  for  the  labomtory  and  let^ture  table,  is  shown  in 
fig.  207. 

At  the  present  time  electric  light  machines  and  machines  for 
plating  purposes  are  made  by  numerous  nxanufacturcrs  in  this 
country;  but,  perhaps,  by  none  on  a  scale   so  large  as  that 
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caiTied  on  by  Messrs.  Wallace  &  Sons,  of  Aiisoiiia,  Conn*  Tliis 
flnn  began  tlie  eoiistriiction  of  tlies6  machines  for  the  marked  in 
the  spring  of  1875,  and  since  that  time  there  is  hardly  any  form 
of  magneto  machine  that  has  not  been  built  and  tested  at  their 
works. 

The  nradiine  whii-h  they  finally  decided  upon  manufacturiiig, 
us  possessing  the  greatest  merit,  is  the  invention  of  Moses  G. 
Farmer,  formerly  uf  Boston,  but  now  and  for  tiie  last  three  yeare 
electrician  at  the  Government  Torj^edo  Station,  at  Newport,  R.  I 


rty.  'iXfl^ 


Thi^  machine,  which  has  been  somewhat  modified  and  ii 
proved  upon  fiYjm  time  to  time  by  Mr.  William  Widlaee,  is^  i^ 
many  respect^  unlike  any  of  the  other  forniB  that  we  have  oou 
sidered.     It  consists  of  two  large  electro-magnets,  an  anaat 
two  couunutators  and  four  brushes,  the  latter  forming  part 
the  circuity  and  serving,  when  the  machine  is  in  operatioa, 
colleet  the  currents  genenited  in  the  armature  coila     The  two 
magnets  are  mounted  upon  a  east  iron  frame,  similar  to  tliait 
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In  lathe,  and  are  made  to  fac«  each  other,  while  the  annature, 
which  consists  of  an  iron  casting  of  varying  duimet^-r,  according 
to  the  size  of  the  machine,  is  mounted  upon  a  sliuft,  and  placed 
between  the  magnets.  The  shaft  also  carries  pulleys  at  each  of 
its  ends,  and  is  made  to  rest  in  healings  in  tbe  yokes  of  the 
electro-magnets.  The  armature  di^^k  carries  on  ciich  side,  and 
near  its  periphery,  twenty-five  wedge  shaped  projections,  of 
which  there  are  fifty  in  all,  that  face  the  poles  of  the  electro- 
magnets, and  on  which  coils  of  wire  are  placed*  The  terminals 
of  these  coils  are  joined  together,  and  a  wire,  connected  with  the 
junctions,  leads  to  the  commutator,  situated  on  the  same  side  of 
the  plate — all  the  coils  on  one  side  connecting  with  one  com- 
mutj^itor  and  all  on  the  opposite  side  with  the  other. 

The  commutiitors  are  placed  upon  the  shaft,  hetween  the  legs 
of  the  two  magnets,  and  consist  of  wood  or  other  more  durable 
insulating  substance,  on  which  strips  of  brass,  connecting  with 
the  wires  from  the  armature  coils,  am  secured  The  connections 
of  the  macliine  are  so  arranged  that  when  the  external  circuit, 
which  may  consist  of^tlie  light  apparatus  or  depositing  yat^  with 
their  leading  wires,  is  completed,  the  armature  and  field  of  force 
coils  are  combined  ynth  it  in  one — ^un  arrangement  for  which  Mr. 
Fanner  obtained  a  patent  in  1872,  and  winch,  when  the  external 
resistance  is  low,  is  of  very  great  advantage. 

The  eight  inch  machine,  so  called  from  the  length  of  its  electro- 
magnet, and  wliich  is  the  one  most  commonly  employed,  will  pro- 
duce two  lights  of  alx)ut  two  thousand  candle  power  each,  and 
is  so  arranged  that  the  two  may  l>e  combined  in  one  if  desired* 
It  weighs  six  hundred  pounds^  and  requires  to  drive  it  about  one 
horse  power  for  every  twelve  hundred  candle  light. 

The  machines  made  by  Messrs.  Wallace  &  Bons  weigh  from 
one  hundred  and  twenty -five  to  three  thousand  pountls  each,  and 
are  capable  of  producing  alight  equal  to  that  of  from  one  thou- 
sand to  forty  thousand  candles*  Some  of  them  will  even  maintain 
the  arc  ^^th  the  carlions  three  and  a  half  inches  apait.  Fig.  208 
shows  another  fonn  of  tlio  light  macliine,  as  constructed  by  the 
Telegraph  Supply  Co.,  of  Cleveland,  on  a  plan  d0\ised  by  Mr.  C. 
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F.  Bnisk  There  are  two  marked  differences  between  tliis  and 
other  machines,  the  first  of  which  consists  in  the  ]>eculiar  method 
adopted  for  winding  tlie  armature;  the  latter  is composctl  of  a 
ring  or  endless  band  of  iron,  but  instea<l  of  having  a  uniform 
cross  section,  like  that  of  the  Gramme  maehines,  is  provided  with 
vea  or  depressions  whose  direction  is  at  rig) it  angles  to  its 
etic  axis  or  length.     Tliese  grooves,  which  may  l^o  of  any 

table  nuDilx*r,  according  to  the  uses  for  which  the  machine  is 
designed,  are  won  rid  fidl  of  insulated  copper  wira  Tlie  advan- 
tage of  winding  the  wim  in  grooves  or  depressions  in  the  arma- 
ture is  twofold ;  first,  the  prctjecting  portions  of  tlie  armature 
between  the  sections  of  wire  may  be  made  tij  revolve  %*ery  close 
to  the  poles  of  the  magnets  from  which  the  magnetic  force  is 
derive<l.  By  this  means  tlie  indnctive  force  of  the  magnets  is 
utilized  to  a  much  greater  extent  than  is  possible  in  the  case  of 
annular  armaturc»s  as  ordinarily  used,  which  are  entirely  covered 
with  wire  and  cannot,  theretere,  be  brought  very  near  the  mag- 
nets ;  second,  owing  to  the  expc^sure  nf  a  ver}'-  considerable  por- 
tion of  the  aimature  to  the .itmosp here,  tlie  heat,  which  is  always 
developed  by  the  r;i]jidly  succeeding  magnetizations  and  demag- 
netizations of  armatures  in  motion,  is  rapidly  rlissipated  by  radi- 
ation and  convection.  In  the  case  of  aiTuatures  entirely  covcR-d 
with  wire  the  escape  of  the  heat  is  very  slow,  so  that  they  must 
nm  at  a  comparatively  l»>w  rate  of  speed,  with  corresponding 
effect,  in  or^ler  to  prevent  injurious  heating.  The  swond  differ- 
ence lies  in  the  manner  of  connecting  the  nimature  coils  to  the 
commutator,  tliis  being  such  that  only  the  jtarticular  coils  which 
contribute  to  the  pnKluction  of  the  cun^ent  are  in  circuit  at  once. 
Buring  the  time  they  are  passing  through  the  neutitd  points  in 
the  magnetic  field  they  are  cut  out  one  after  the  other,  and  tlnis^ 
while  idle,  do  not  tend  to  weaken  the  effects  of  the  machine  by 
affording  a  path  to  divert  the  current  generated  in  the  active 
sections  from  its  jjroper  channel. 

It  would  be  an  interesting  matter,  if  the  efficiency  of  all  the 
different  machines  emploverl  in  the  production  of  the  electric 
light  could  be  obtained  and  published,  so  as  to  be  readily  avail- 
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abla  A  general  compiirison  could  then  bo  made  whicli  would,  ia 
a  measure,  settle  the  evcr-recurrmg  question  in  regiird  to  the 
superiority  of  tliis  or  that  inaehina  Undoubtedly,  this  infor- 
mation exists  for  many  of  the  mueliines,  as  numerous  measure- 
ment's of  them  have  been  made  by  different  experimenteis,  but 
the  results  have  in  most  ci^es  never  been  ijuule  i>\iblic,  and  are, 
therefore,  t^^  be  found  only  in  the  hands  of  the  individual 
experimcntei'S  themselves.  It  may  be  stated,  liowever,  froj 
such  iufonoation  as  we  have  found  available,  tliat  the  amount  of 
enei^y  obtainable  as  electricity  from  the  best  machines  probably 
does  not  exceed,  or  if  so,  ordy  in  a  slight  degree,  two  thirds  tluit 
of  the  mechanical  force  requii^ed  to  drive  them. 

The  expense  of  maintaining  the  electric  light  is  much  les* 
than  tliat  ineuiTcd  by  the  employment  of  any  of  the  ordinary  i 
methods  of  illumination.  Mr.  Farmer  skites  that  where  a  lai^ 
amount  of  light,  say  from  five  thousand  to  ten  thousand  candle 
lights  is  rcquii^,  it  can  l>e  produced  from  a  suitable  machine  at 
the  rate  of  one  thousand  candle  light  per  horse  power  j  but, 
smaller  amounts — say  two  hundred  to  three  hun<b-ed  candle 
light — are  relatively  more  expensive,  probal>ly  about  one  half 
hoi-se  |>ower  for  two  hundred  to  two  hundred  and  fifty  candle 
light 

This  ijr*  much  more  economical  than  when  produced  from  any 
of  the  ordinary  foiTns  of  galvanic  battery.  One  horse  power 
may  be  reckoned  as  costing  from  two  to  six  cents  j^er  hour, 
which  would  give  the  cost  of  ten  thousand  candle  light  as  sixty 
cents  per  hour,  simply  for  power.  Of  course  some  other  items, 
such  as  oil,  attendance,  interest  and  depreciation,  also  cost  of 
carbons  consumed,  would  increase  this  amount  somewhat^  but 
even  at  twice  or  three  times  this  cost  it  is  still  much  less  expen- 
sive than  gtis  light  at  three  candle  light  to  the  cubic  foot  per  hour, 
at  $2.50  per  thousand  for  gas. 

Hie  diffiealty  of  procuring  Ciirbons  that  would  bum  uni- 
forraly  has  been  a  source  of  a  great  deal  of  annoyance.  If  the 
carl>on  is  taken  just  aa  it  comes  from  the  gas  retorts  and  sawed 
into  shape,  it  is  foxmd  to  coutaiu  many  impurities,  and,  when 
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btrrningi  will  frequently  split  and  large  pieces  drop  off.     If  it  is 

I  £i*st  j^alverized  and  then  pressal  into  sliape^  as  m  done  for  bat- 

2ry  plates,  difficulties  of  one  form  or  another  still  appear,  and 

the  long  road  of  trial  and  failum  has  genemlly  had  to  be  pretty 

Lwell  trodden  over  by  all  who  have  givt^-n  this  part  of  the  sub- 

c?t  much  attention.      Mr.  Wallace,  who  has  studied  it  very 

closely^  has,  we  believe,  succeeded  in  producing  very  satisfactory 

sirbons,  but  we  are,  as  yet,  unacquainted  with  the  process. 

T!ic  best  illuminating  eflfect  appeal's  to  l>c  prod  need  from  thin 

rbon  pencils,  but  it   has   heretofore   been  found  impnicti* 

able  to  use  such  pencils^  on  account  of  their  iiigh  iTsistance 

ind  the  rapid  consumption  of  material  due  to  the  action  of  the 

lir  on  their  highly  heated  ends,     Mr.  Brush  has  sought  to  ob- 

Iviate  these  difficulties,  and  at  the  same  tone  improve  the  illumin- 

ftting  power  of  the  light,  by  the  admixture  of  different  foreign 

labstances  with  the  carbon  and  by  surrounding  the  stick  either 

mechanically  or  by  electro-plating  with  various  metals.     By  ttis 

►me-ans  a  free  and  ready  conduet^iir  is  afforded  for  the  current 
and  a  good  connection  between  the  cai^lion  and  its  holder  secured^ 
while  the  employment  of  longer  and  thinner  pencils  is  also  ren- 
dered pmcticable,  and  there  is  little  or  no  liability  Ui  breakage 

In  operation  the  intense  heat  of  the  arc  melts  and  disperses  the 
covering  of  the  carbon  sticks  at  their  opposing  points  and  for  a 
proper  distance  beyond,  but  no  farther.  The  balance  of  tlie  car- 
bons is  entirely  preserved,  while  as  fast  as  they  are  burned, 
just  so  fast  will  their  covering  be  removed,  leaving  the  carbons 
€xposeil. 

The  subdivision  of  the  light  is  another  of  the  problems  that 
have  occupied  the  attention  of  inventors  a  great  deal  No  one 
duubts  that  the  division  can  be  eilected,  but  to  do  this  in  a 
simple  manner,  and  offer  to  the  public  a  clieap  and  practical 
device  for  the  purpose,  has  not  been  an  easy  task.  It  would 
appear,  from  some  of  the  latest  experiments  made  at  the  works 
of  Messrs.  Wallace  &  Sons,  that  thein?.  is  scai'cely  any  limit  to 
the  number  of  subdivisions  that  can  be  made,  and,  to  a  cer- 
tain extent,  most  of  the  machines  are  now  constructed  to  give 
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separate  lights.  One  forni  of  construction  of  the  Bni-ii  ^ 
chine  is  ca[iable  of  producing  four  indej>eiident  lights  o:  tOW 
candle  jMjwers  each. 

The  best  means,  however,  for  obtaining  a  number  ol  fidNi 
from  a  single  source  consists  in  the  employment  ol  thm  i^i 
of  platinum  or  iridium,  whose  temperature  is  raisal  I;  die 
passage  of  the  current  to  a  point  only  slightly  below  tW  fwltiaf 
point  of  these  metals.     When  strip*}  or  wires  ol  either  m^\  «^ 
rendered  incandescent,  a  mild  and  pleasant  light  ia  ♦ 
much  less  contracted  and  glaring  than  the  ^  _^  "     v*^:- 
carbon  pencils;  and  with  the  additional  ;i  ; 
BO  vitiation  of  the  atmosphere  occurs,  and  the  amount  < 
at  any  one  point,  can  be  made  as  small  as  may  Vk.*  desir^L 

Platinum,  according  to  Mn  Fiirmer,  affonls  aViout  100  ciaA 
light  per  square  inch  of  incandei?cent  surface,  when  within  W 
of  the  point  of  fusion,  and  a  bar  or  wire  of  this  t^       ' 
maintained  at  this  temperature  for  any  length  of  liii: 
of  a  suitable  regulator  and  current     Lndium   is  even  Uikr 
adapted  for  illuminating  pnrix>ses  than  platinum,  as,  h 
quence  of  its  higher  melting  point,  it  yields    uu^v^  1i 
square  inch  of  heated  surfaea 

Wliile  it  is  undoubte<lly  true  tliat  the  liglU  ol>taine*i  in  Hua 
way  is  not  the  mot<t  advantageous  for  lighthouse  an<1  steamship 
purposes,  or  for  places  where  the  dtizzling  light  of  the  aitJ  ii 
required,  it  is  none  the  less  true  that  for  many  f^then  and  c*fe- 
cially  for  private  or  domestic  uses,  it  pojssesses  decided  advan- 
tages over  the  rarbon  light,   and  on   many  accounts — amonf 
which  the  facility  attending  its  regulation  is  not  least — is  far 
preferable. 
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THE   ELECTRIC    LIGHT. 

The  interest  in  electric  lighting  has  increased  so  rapidly  of 
Ite  that  we  feel  warrante^li  with  the  issue  of  a  new  edition  of 
i  work,  in  reconsidering  tlie  subject,  and  supplementing  what 
i  already  been  said  in  regard  to  it  with  such  additional  infor- 
ation  as  will  tend  to  inake  the  book  still  more  valuable  for 
dose  who  desire  to  acquaint  themselves  with  the  prograss  that 
been  made  in  the  application  of  electricity  to  lightiug  pur- 
ser. As  the  introduction  of  the  new  matter  in  its  proper  place 
the  old  chapter  wouM  lead  necessarily  t<:>  some  inconvenience, 
have  concluded  to  embrace  what  we  now  have  to  say  in  a 
lew  chapter,  although  in  doing  so  the  general  arrangement  will, 
^y  this  means,  be  somewhat  broken  up. 
It  has  been  stated,  on  page  426,  that  ranch  difficulty  is 
cperienced  in  procuring  proper  carbon  }M?ncils  for  light  pur- 
s — a  fact  that  any  one  who  has  at  all  experinxented  with 
electric  lighting  cannot  have  failed  to  notice;  and  it  will,  there- 
fore, be  interesting  to  say  a  few  words  first  in  regard  to  the  best 
means  that  have  been  devised  by  dillerent  experimenters,  in  the 
preparation  of  material,  for  remedying  this  defect, 

Foucault  certainly  made  a  decided  step  towards  the  practical 
use  of  the  light  when  he  substituted  gas  i-etort  carbon  for  the 
substance  previously  used.     Before  that  time  the  arc  was  scarcely 

Kiore  than  an  interesting  toy,  and  only  rarely  seen  outside  of  the 
ibinets  of  schools  and  colleges;  Imt,  as  intimated,  the  substitu- 
on  partook  more  of  the  nature  of  an  improvement  than  any- 
thmg  else,  and  did  not  solve  tlie  question  completely,  since,  to 
this  day,  it  occupies  the  attention  of  pmcticnl  men. 

One  of  the  earlier  ijpthods  of  preparing  carbons,  and  which  to 
some  extent  is  still  used,  consists  in  first  reducing  coke  to  a  very 
fine  powder  and  mixing  it  with  syrup,  with  which  it  is  thoroughly 
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incorporated  The  mixture  is  then  strongly  compressed  in 
moulds  and  baked,  and  afterwards  placed  in  a  concentrated 
solution  of  sugar  or  molasses  UDtil  saturated.  It  is  then  placed 
in  an  oven  and  raised  to  a  white  heat,  at  which  it  is  maintained 
for  an  hour  or  more.  By  this  means  moisture  is  all  driven  off 
and  a  compact  mass  is  formed,  which  may  be  rendered  still  mom 
solid  by  repeated  saturation  and  baking.  The  disadvantage  of 
carbons  prepared  in  this  manner,  however,  is  that  they  con- 
tain all  tlie  imi)arities  of  the  coke,  no  means  being  taken  to 
exclude  these  injurious  matters. 

A  purer  material,  cnpable  of  giving  a  very  steady  lights  is  made 
by  placing  pencils  of  gas  retort  cfirbon  in  caustic  iJotash  or  g<-»d:i, 
melted  and  raised  to  a  white  heat,  and  in  which  they  are  allowetl 
to  remain  a  quarter  of  an  hour  or  more.  The  sticks  are  then 
washed  in  hot  water,  and  placed  in  a  porcelain  or  refractoiy 
earthen  tube,  through  M'hieh  a  current  of  chlorine  is  pjisse^jj 
while  the  whole  is  maintained  at  a  red  heat  for  several  hours. 
Many  of  tlie  impurities  that  are  not  removed  by  the  potash  or 
soda  are  thus  changed  into  volatile  chlorides  and  driven  off. 

Another  way  of  procuring  very  pure  carbons^  according  to  M- 
Fontaine,  from  whom  we  boiTow  liberally  on  this  point,  hiis 
been  suggested  by  M.  Jaequelin,  a  French  chemist,  of  tlie  Central 
School,  at  Paris.  This  consists  in  imitating  the  condition  of 
things  that  is  brought  aliout  in  gas  retorts  during  the  manufac- 
ture of  gas,  which  is  the  reduction  of  the  material  and  conUict  of 
the  heated  and  ver}^  dense  hydrocarbon  matter  with  the  sides  of 
the  retort  Part  of  the  matter  is  thus  volatilized,  while  the  rest 
is  decomposed,  and  leaves  a  deposit  of  carbon.  In  the  retorts  of 
gas  works  the  hydrocarbon  matters  carry  with  them  much  of 
the  impurities  contained  in  the  coal;  but,  by  taking  tar,  pro- 
duce^^i  by  actual  distillation,  which  is  consequently  free  from  all 
non- volatile  impurities,  and  reproducing  the  above  conditions 
in  specially  prepared  appamtiis,  it  would  seem  possible  to  pro* 
duce  carlx)n  of  great  purity,  and  such  ha^ictually  been  found  to 
j^be  the  case.  Platas  obtained  in  this  maimer,  and  sawed  into 
sticks  of  the  proper  dimensions,  give  a  perfectly  steady  light  that 
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is  not  only  whiter,  but  more  intense  as  well — sometliing  like 
twenty-five  per  cent  more  so  for  a  given  current  tlian  that  pix)- 
duced  by  carbons  prepared  in  the  ordinary  raannen  Consider- 
able inconvenience,  however,  is  experienced  in  preparing  the 
sticks  for  use,  as  the  carbon  is  so  hai-d  that  it  c^n  oidy  be  cut 
with  the  greatest  difficulty. 

A  composition  for  artificial  carbons,  consisting  of  powdered 
coke,  calcined  lamp  black  and  a  particular  sj^rup  formed  of 
twelve  parte  of  gum  and  thirty  of  cane  sugar,  has  been  intro- 
duced in  France  within  a  couple  of  yeai'S  past,  and  is  strongly 
recommendeii  by  the  inventor,  M.  Carrd  The  proportions  given 
in  his  patent  are,  fifteen  parts  of  the  purest  coke,  reduced  to  a 
very  fine  powder ;  five  parts  lamp  black,  and  seven  to  eight  of 
the  syrup.  The  whole  shoTild  be  thoroughly  ground  together, 
and  one  to  three  parts  of  water  added  to  compensate  for  the  loss 
by  evaporation,  and  give  it  the  degree  of  consistency  which  it  is 
desired  the  paste  should  possess.  The  latter  is  then  pressed  and 
passed  through  a  die  plate,  by  which  process  the  proper  fonii  is 
given  to  the  carbons.  These  are  afterwards  packed  in  crucibles 
and  subjected  to  a  high  temperature. 

The  baking  of  the  ciirbons  really  comprehends  a  series  of 
operations.  •  In  the  first  place,  the  drawn  or  moulded  sticks, 
while  yet  soft,  are  placed  in  a  horizontal  position  on  a  bed  of 
coke  dust^  in  crucibles,  each  la^-er  bemg  separated  from  its 
neighbor  by  a  sheet  of  paper  between  them,  so  as  to  prevent 
adherence  of  one  to  the  other.  A  layer  of  powdered  coke, 
of  about  four  tenths  of  an  inch  in  thickness,  is  then  placed  on 
top,  l>etween  the  last  series  and  the  cover,  and  over  the  joint  of 

e  latter  is  spread  a  like  thickness  of  sihcious  sand. 

After  the  first  baking,  which  should  be  continued  at  a  cherry 
ted  heat  for  four  or  five  houi's  at  least,  the  carbons  arc  tiiken 
out  and  placed  in  a  vessel  of  boiling  hot  and  very  concentrated 
syrup  of  sugar  ciine,  or  caramel,  and  left  for  two  or  three  hours, 
allowing^  also,  tw^o  or  three  cooling  intervals  of  some  duration, 

that  the  pores  may  become  filled  The  carbons  are  then 
drained  by  opening  a  stop  cock  at  the  bottom  of  the  vessel,  and 
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allowing  the  liquid  to  hid  out  They  are  then  stirred  a  few 
moments  in  boiling  water^  to  dissolve  any  sugar  that  may  remaiji 
on  the  surface. 

When  dried^  they  are  again  replaced  and  baked  once  more, 
after  whicli  thej^  may  be  packed  in  the  crucible  in  a  standuig 
position,  with  sand  between  them,  the  above  operation  beii 
repeated  until  they  have  acquired  the  density  and  solidii 
requirai  They  are  then  dried  slowly^  the  drying  process  beii 
terminated  in  a  drying  oven^  whose  temperature  gradually  attai 
eight}"  degi*eea  centigi*ade,  in  twelve  or  fifteen  hours,  and  to  pre- 
vent their  change  of  shape  in  dryings  the  sticks  are  placed  in 
V-shaped  pieces  of  metal 

The  Carr6  carbons  are  more  tenacious  and  rigid  than  retort 
carbon,  and  are  remarkably  straight  and  regular.  Sticks  twi 
fifths  of  an  inch  in  diameter  may  be  used^  eighteen  itiehes 
length,  without  fear  of  breaking;  aad  their  cylindrical  fc 
joined  to  their  homogeneity,  causes  their  ends  to  remain  as  pi 
fectly  sharpened  as  if  they  wei^e  turned  They  are  also  beti 
conductoi^s  than  retort  carbon.  The  only  inconvenience  tl 
appears  to  accompany  the  use  of  carbons  pi'epared  in  this  man- 
ner^ consists  in  their  rapid  wasting  away,  the  production  of  s 
sparks  and  the  in-egularity  of  the  luminous  effect 

We  learn  from  M.  Fontaine  s  work,  that  the  admixture 
foreign  sul>stanees  with  the  carbon,  of  which  mention  has  be 
made  on  page  427,  has  also  been  carefully  studied  by  M.  Carr 
within  a  few  years  past,  with  very  interesting  results;  ami, 
from  a  large  number  of  experiments  made  by  hiin^  he  has  been 
able  to  deduce  the  following  important  facts : 

1,  That  potasli  and  soda  at  leriiit  double  the  length  of  theaic, 
rendering  it  also  free  from  the  hissing  sound  so  peculiar  to  ii 
when  carbon  alone  is  used,  while,  at  the  same  time,  by  combininj 
with  the  silicates  that  are  usually  present,  they  eliminate  thesa 
substances  from  the  pencil  points,  causing  them  to  fuse  into 
clear,  \4treous  and  often  colorless  globules  just  outside  of  tJie 
arC|  and  tliat  they  increase  tLe  illuminating  power  in  the  ratii 
of  1.23  to  L        * 
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2.  That  lime^  magnesia  and  strontium  increase  the  light  in 
the  proportion  of  L40  t*>  1,  and  color  it  variously, 

3.  That  iron  and  antimony  eohance  the  illuminating  effect  to 
1.80  and  even  to  1.70. 

4.  That  boracic  aeid,  forraing  a  covering  that  excludes  the 
material  from  the  oxygen  and  the  air,  increases  the  durability  of 
the  carbon  materially,  though  without  augmenting  the  light 

Numerous  experiments  have  also  been  made  by  M.  Gaudoin 
with  carbons  containing  borate,  chloride,  phosphate  and  silicJUte  of 
lime,  pure  precipitated  sdex,  borate  of  magnesia,  magnesia, 
aluminum  and  sihcate  of  aluminum,  the  proportions  being  cal- 
culated so  as  to  give  al)out  five  per  cent  of  oxide  after  the  baking 
of  the  carbons;  but,  althougli  the  light  is  about  double  that 
tained  from  gas  retort  carbons,  the  flame  and  vapor  resulting 
m  the  use  of  carl>ous  prepared  in  this  manner,  is,  aside  from 
e  dangerous  character  of  the  fumes,  a  great  obstacle  to  their 
practical  mtroductiou,  and  fur  this  reason  chemically  pure 
rbons  only  should  be  employed  where  continuous  light  is 
sired. 

The  dust  of  retort  carbon,  although  containing  but  a  small  pro- 
rtion  of  foi^ign  matters,  is,  nevertheless,  not  sufficiently  pure 
r  this  use,  and  its  employment  presents  some  inconveniences, 
while  washing  in  acids  or  alkalies,  to  which  the  carbonaceous 
niattei^  may  l>e  submitted,  with  the  aim  of  extracting  the 
impurities  they  contain,  is  a  costly  and  insufficient  operation. 
Lamp  black  is  pure  enough,  but  its  price  is  high  and  its  man- 
agement difficult 

M.  Gaudoin,  however,  has  found  a  solution  of  the  problem 
in  decomposing,  by  heat  in  closed  vessels,  the  dried  pitches,  fats 
liquids,  tars,  resins,  bitumens,  natural  or  artiticial  essences 
oils,  and  other  organic  matters,  oajiable  of  leaving  behind 
sufficiently  pure  carbon  after  their  decomposition  by  heat 
The  apparatus  employed  for  effecting  tliis  decomposition  cen- 
ts of  closed  retorts  or  crucibles  of  plumbago,  and  these  are 
placed  in  a  furnace  capable  of  being  heated  to  a  bright  red. 
The  lower  parts  of  the  crucibles  are  furnished  with  two  tubes, 
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one  senriTig  for  the  disetigagement  of  gas  and  volatile  matt/'rs, 
and  the  other  for  the  introduction  of  the  primary  materiaL  Tbc 
volatile  products  of  decomposition  may  be  conducted  under  the 
hearth  of  the  furnace  and  there  burnt  for  heating  the  crucibl^ 
but  it  is  more  advantageous  to  conduct  them  into  a  conden^iuj; 
chamber  or  into  a  copper  still,  and  thtis  recover,  after  condensa- 
tion, the  tars,  oils,  essences  and  hydrocarbons  that  are  produced 
in  the  operation. 

M*  Gaudoin  also  utilizes  these  different  subproducts  ia  the 
manufacture  of  his  carbons,  and  he  takes  great  care  to  avoid  the 
use  of  ii^on,  zinc,  or  any  substances  susceptible  of  }mng  atui  ■: 
by  these  tars  to  the  worms  of  the  receiver,  as  the  whole  uuu^ 
rests  in  purity. 

Wbataver  the  primary  material  employed  for  theraanufacttiit 
of  this  carbon  may  be,  the  decomposition  by  heat  should  be 
capable  of  being  conducted  either  slowly  or  quickly,  accurditig 
to  the  nature  of  the  subpiTKlucts  to  be  obtained*     For  operating 
slowly^  it  is  sufficient  to  fill  the  retort  two  thinls  full  and  heal 
gradually  up  to  a  clear  red,  avoiding  as  much  as  po«?feible  ihe 
boiling  over  of  the  substances.      For  operating  quicklv*  tbe 
empty   retort  is  first  heated  to  a  deep  red,  and  the  priinart 
material  thrown  into  the  lK>ttom  in  small  quantities,  in  a  thin 
stream,  if  it  is  liquid,  and  in  small  fragments  if  it  is  solid.     TIjc 
glow  distillation  gives  most  tars  and  heavy  oils  and  little  gas. 
The  quick  decomposition  more  liglit  oils  and  gas. 

When,  then,  the  primary  material  has  been  property  chosen,  a 
carbon,  more  or  less  compact,  remains  in  the  retort.  This  is 
pulverized  as  finely  as  possible,  and  then  agglomerated  either 
alone  or  with  a  certain  quantity  of  lamp  black,  by  means  of  the 
carbides  of  hydrogen  obtained  as  secondary  ]>roducta  The  c^* 
bides  thus  prepared  are  completely  free  from  iron,  and  mudi 
preferable  to  those  found  in  commerce,  not  only  for  agglomer* 
ating  the  carbon,  but  also  for  impregnating  or  soaking  the  naanu- 
factured  objecta  The  last  operation,  when  effected  with  com- 
mercial products,  introduces  oxide  of  iron  in  the  pores.  Objects 
made  in  agglomerated  carbon  are,  for  the  same  variety  of  car- 
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bon,  the  more  combustible  as  they  are  more  porous,  and  moi-e 
porous  as  the  pressure  in  moulding  in  lessened,  Tlie  inventor 
uses  steel  moulds  capable  of  resisting  the  highest  pressui'e  of  a 
strong  hydraulic  pr^s. 

Although  the  draw  plate,  or  moulding  apparatus,  that  has  long 
been  in  use  for  the  manufacture  of  oixliiiary  graphite  carbons 
may  also  be  used  in  the  manufacture  of  carbons  for  the  electric 
lights  M.  Gaudoin  has  added  certain  important  improvements, 
^—that  make  tVie  apparatus  more  valuable  and  better  mUipted  to 
^■Khe  work.     Thus,  instead  of  causing  the  carbons  to  issue  from 
^Rop  to  bottom,  verticaUjj  he  places  the  orifice  or  orifices  of  the 
^^mould  upon  the  side,  and  in  such  a  manner  that  the  issuing  car- 
bons form,  with  the  horizon,  a  descending  angle  of  twenty  to 
seventy  degrees.     The  carbon  is  guided  for  the  whole  length 
by  tubes  or  guttei's.      This  arrangement  allows  emptying  the 
whole  of  the  matter  contained  in  the  mould  without  intei-nipt- 
ing  the  work ;  and  as  the  carbon  is  constantly  supported,  it  does 
not  break  under  its  own  weight,  which  frequently  happens  when 
^iisuing  vertically, 

^H  We  have  made,  at  different  times,  says  M-  Fontaine,  numer- 
^ous  trials  with  all  kinds  of  carbons,  and  those  of  M.  Gaudoiu's 
manufacture  have  given  the  lx*st  residts.  It  has^  however, 
necessitated  much  time  and  considerable  expense  to  i-emove  this 
manufacture  from  the  merely  scientific  domain  to  that  of  the 
practical,  but  success  has  crowned  the  efforts  of  the  inventor. 
The  results  of  some  of  these  experiments,  which  include  the 
retort,  Archereau,  Cairc  and  Gaudoin  cm^bons,  ai'e  given  in  the 
aooompanying  table,  No.  L 
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TA3LE     OF     EXPERIMENTS     MADE    NOVEMBER     6,      1876,    WITH 
DITFERENT    KINDS  OF   CARBONS. 
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The  light  produoed  with  the  retort  cftrbons  was  equal  to  one 
hundi'ed  and  three  burners,  that  by  the  artificial  carbons  varied 
between  one  hundred  and  twenty  and  one  hundred  and  eiglitv 
burnei's  for  the  Archereau  aud  Carre  cai^boris,  and  between  two 
hundred  and  two  hundred  and  ten  for  the  Gaadoin  carboii& 
The  mean  of  one  hundred  and  fifty  !>umers  may  1)6  appKed, 
without  appreciable  eiTor^  to  the  Arehereau  and  Can*5  carboj 
and  that  of  two  hundred  and  five  to  the  Gaudoin  carbons. 

Reduced  tx>  a  uiiifonn  section  of  0.0001  square  mfetre, 

consumption  of  the  carbons  was,  respectively : 

For  the  retort  carbons 61  millim^trea  (about  2     ioohei). 

*'      Arehereau  curbons. 66         ''  "2.6       " 

"      Gaudom  »      tS  •'  *'     2.87     " 

"      Carre  **      T7  "  "3  ** 
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*  To  canrert  mllLImdtrea  into  inthea^  multiply  Uy  .00087, 
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,         In  proportion  to  the  light  produced,  the  consumption  was :          ^^^H 

^fe        For  the  Gaudoin  carbOQB,  35  miilim^tres  (about  1.38  inch)  per  1 00  burners,              ^^^^| 
^K                    Archeroftu    ''        U                         *♦     1.73    •»                                             ^^^B 

^m                   Carre                                                                                                                          ^H 

H                    retort                     49                                 L93 ^H 

H    A  Gramme  machine,  constructed  by  M,  Br^guet,  and  a  Carre           ^H 

^Damp  by  the  same  maker,  were  used  in  conducting  these  experi-           ^H 
ments,  and  the  carbons  were  taken  at  random  from  a  lot  of           ^H 

several  metres  for  each  series.                                                                    ^H 

At  the  request  of  one  of  the  inventors,  and  with  the  coopera-           ^H 

tion  of  Messni.  Gramme  and  Lemounier,  some  additional  experi-           ^H 

mcuts  worn  made  with  a  more  powerful  Gramme  machine  and  a           ^H 

Serrin  lamp.                                                                                                     ^H 

^                                                   H 

H^ESULTS  OF  A  SERIES   OF    EXPERIMENTS    MADE   APRIL  4,    1877,               ^M 

^                   UPON  SEVERAL   DIFFERENT    KINDS   OF   CARBONS,                               ^H 
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The  preceding  table  (No.-  2)  gives  the  mean  of  three  seriea  ol 
these  experiments,  made  with  the  greatest  precision.     The  elec-i 
trie  lamp  was  placed  vertically  and  on  the  same  level  with  I 
the  oil  lamj)  and  ph«jtometerj  and  every  precaution  was  taken  ^ 
to  prevent  any  sensible  eiTor  in  the  meo^surements  of  the  lumiii- 
ous  intensity* 

The  rate  of  oonamnption  of  the  carbons  in  these  experimental 
and  reduced  to  a  uniform  section  of  ,0001  square  metres,  was  j 
respectively : 

For  the  Gart^  carbons  .*,•••«»•., , *  .*4i  miiltmetree. 

•*       retort      "      ,..*,,,•. 49 

**       ArcherDau  carbons , ,53  ** 

**       Gaudoin  (w'ood  carbon) .61  " 

"       Gaudolft,  No.  1 .78 

In  pmportion  to  the  light  produced,  the  consumptiou  wafl 
followft  : 

For  the  Graudoin  (wood  carbon). .......  .32  mllliniStroa  per  100  bumen* 

"      Archereau  carboDS , ...  ,39         "  **  *' 

**      Cam*  carbons 40  **  "  ** 

*'      Gauaoin,  No.  1,  carbons 40         ^'  "  '» 

**      retort  carbons 50  *'  *'  " 

The  light  given  by  the  Gaudoin  carbons  was  a  little  less 
regular  than  that  obser\^ed  on  November  6,  1876.     That  give 
by  tlic  Carr6  carbons  varied  in  loss  than  a  minute  from 
hundi'ed  to  two   hundred   and  fifty  burners;    the  arc  rt>tiiti 
positively  round  the  points,  the  same  as  if  alternating  current 
wc^re  being  used     The  Archereau  carbons  appearei:!  to  l>e  le 
effective  than  at  the  fii'st  trial ;   they  were  consumed  slowly,  bulj 
produced  a  Ught  so  variable  that  it  was  difficult  to  take  phot 
metric   measurements.      Only   the  retort   carlx)ns    maintaine 
their   durability,  luminous  intensity,   and,  unlortunatelv,   ah 
their  in'egularity. 

We  cannot  do  better,  while  on  this  subject,  than  describe  thfl 
later  impmvements  that  M.  Gaudoin  has  made  in  his  processj  and 
which  were  patented  April  7,  1877. 


*  To  convert  milllm^res  Into  indion^  multiply  bj  «0393T. 


GAUDOIXS  CARBONS. 


439 


I 


nstead  of  carbonizing  wood,  reducing  it  to  powder,  and  tlien 
submitting  it  to  mixture,  the  inventor  takes  dried  and  properly 
chosen  wood,  to  which  he  gives  the  definite  form  the  carbon  is 
to  possess,  and  then  con%^erts  it  into  harti  carboD,  and  finally 
8oaks  it  in  tlie  manjier  before  described. 

The  distillation  of  the  woofl  is  effected  slowly,  so  as  to  drive 
out  the  volatile  substances,  and  the  final  desiccation  is  made  in 
a  reducing  atmosphere,  at  a  very  high  temperature,  A  previous 
washiug^  in  acids  or  alkalies^  removes  from  the  wood  any  im- 
purities that  it  possessed. 

M,  Gaudoin  points  out  also  the  means  of  filling  up  the  pores 
of  the  wood,  by  heating  to  redness,  and  submitting  it  to  the 
action  of  chloride  of  carbon  and  different  carbides  of  hydrogen. 
He  hopes  by  this  means  to  produce  electric  carbons  of  small 

I  consumption,  and  givkig  an  absolutely  steady  light 
Since  the  first  edition  of  this  work  was  printed,  a  series  of 
experiments  has  been  made  by  a  committee  of  the  Franklin 
InstitutCi  with  several  of  the  maehiues  now  ased  for  light  pur- 
posea  Having  also  been  conducted  with  the  greatest  car©  and 
skill,  and  including,  as  they  do,  accurate  measurements  of  the 

kvarioiis  factors  which  affect  the  general  question  of  electric 
lighting,  these  experiments  will  necessarily  possess  a  great  deal 
of  interest  for  persons  whose  attention  may  be  directed  to  the 
subject^  and  we,  therefore,  give  a  large  share  of  the  committee  s 
report  in  reganl  to  thetu  complete. 

Previous  to  the  commencement  of  the  labors  of  the  commit- 

ilee,  an  invitation  was  extended  to  makers  of  djaiamo-electric 
knachines,  with  a  request  that  they  sht  »uld  furnish  machines  for 
competitive  trial.  The  machines  supphed  were  two  each  of  the 
Binish  and  Wallace -Fanner  types,  and  a  Qmmme  machine 
which  had  formed  a  part  of  the  exlilbit  of  M.  Breguet,  at  the 
Centennial  exhibition. 

In  measuring  the  power  used,  indicator  diagrams  were  taken 
from  the  engine,  as  a  check  on  the  dynamojueter  readings, 
although  the  latter  were  relied  upon  in  making  our  calculations^ 
except  in  the  case  of  the  large  Wallace  machine.     This  machine 
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requiring  more  power  than  could  be  supplied  by  the  institntrs 
engine,  or  safely  transmitted  by  the  dynamometer,  it  w«\3  taken 
to  the  works  of  the  I.  P.  Moms  Co.,  and  driven  by  an  engine  of 
9''  bore  and  18"  stroke,  and  the  amount  of  power  consumed  de- 
termined from  the  indicator  diagrama.  This  detennination  wm 
sufficient  to  demonstrate  the  fact  that  this  machine  po^esees  no 
economical  advantages  over  the  smaller  one  of  the  same  make, 
but  the  power  consumed  is  omitted  from  the  table  of  results,  as 


I 


■■■^^^^^^^ 

_J 

^^^^     / 

.. 

Fig,  209.  J 

comimristins  t»ased  on  the  different  methods  would  be  obviously 
unsatisfactory. 

The  following  is  a  de^scription  of  the  machines  submitted  to 
examination.     Their  dimensions  are  given  in  Table  TIL 

The  Gramme  machine,  fig.  209,  consists  of  two  cylindrical 
electro-magnets,  with  their  combined  poles  extended  by  pieces 
of  such  shape  as  nearly  to  envelop  the  armature  which  rotateB 
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between  them,  figs.  210  and  211.  The  armature  is  composed  of 
a  ring  of  soft  iron,  with  insulated  copper  wire  wound  over  its 
entire  surface.  This  wire  is  div^ided  into  sijcty  coils,  coTinectc^l 
successively  at  their  ends,  and  the  loofis  thus  formed  between 
eaf'h  pair  of  coils  are  connected  to  the  copper  strips  of  the  com- 
mutator.  Fig,  211  represents  the  mode  of  winding  this  wire  oa 
the  ring,  only  a  few  turns,  however,  being  shown. 

Tlie  commutator  consiste  of  copper  strips  equal  in  number  1 
the  armature  coils^  placed  radially  edgewise  around  the  shaft  of 
the  machine,  and  insulated  from  each  other  and  the  shaft,  thos 
forming  a  cylinder,  the  surface  of  which  is  composed  of  altep 
nate  strips  of  copper  and  insulating  material.     Upon  the 


J^.  210. 
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face  of  tbe  commutator  rest  bundles  of  soft  iron  wire,  by  which 
the  currents  generated  in  the  armature  coils  are  conducted 
the  external  circuit     As  tbe  armature  is  rotated  between  th 
poles  of  the  field  magnets,  currents  of  electricity  are  generated,  j 

Tliese  machines  are  also  constructed  with  two  commutator 
each  connected  respectively  to  alternate  armature  coils,  in  whic 
case  the  external  circuit  can  be  chvided ;  but  it  is  usual  to 
both  currents  through  the  field  coils,  and  then  join  them  in 
external  circuit.     This  machine  runs  smoothly  and  very  qtuctly* 
with  few  or  no  sparks  at  tlie  commutator/ and  very  little  lieatingj. 
the  temperature  **of  the  armature  being  about  98^  Fahr, 
running  nearly  five  hours. 


brush's  dynamo  machine. 
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The  Brush  machine,  fig.  212,  has,  for  its  rnj^etic  field,  two 
horseshoe  electro- magnetiJ,  with  their  like  poles  facing  each  other^ 
at  a  suitable  distance  apart,  the  circular  armature  rotating 
between  them. 

In  this  machine  the  cun^ents  are  generated  in  coils  of  copjier 
wire,  wound  upon  an  iron  ring,  constituting  the  armature.  This 
ring  is  not  entirely  covered  l>y  the  coils,  as  in  the  Gramme 
armature,  but  the  alternate  uncovered  spaces  between  the  coila 
are  ahnost  completely  filled  by  iron  extensions  from  the  ring, 
th^ls  exposing  large  surfaces  of  the  armature  ring  for  the  dissi- 
pation of  heat,  due  to  its  constantly  changing  magnetism,  as  in 
the  Pacinotti  machine. 


Fig,  212. 


i,  The  ring  revolves  between  the  poles  of  two  large  field  mag- 
nets, the  two  positive  poles  of  which  are  at  the  same  extremity 
of  the  diameter  of  the  amiaturc,  and  the  two  n^ative  poles  at 
the   opposite  extremity,  each  pair  constituting  practically  ex- 

» tended  poles  of  opposite  character. 
The  coils  on  the  armature  ring  are  eight  in  number,  opposite 
ones  being  connected  end  to  end,  and  the  tenninals  carried  out 
to  the  commutator.  Figs.  213  and  214  show  this  arrangement, 
only  one  pair  of  coils,  however,  being  shown  in  iig,  213  as  con- 
nected.     In  order  to  place  the  commutator  in  a  convenient  poai* 
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tion,  the  terminal  wires  are  carried  througli  the  centre  of  the  | 
shaft,  to  a  point  outside  the  bearings. 

The  commutattirs  are  so  arranged  that,  at  any  instant,  three 
pairs  of  coils  are  interposed  in  the  circuit  of  the  machine,  work- 
ing, as  it  were,  in  multiple  arc,  the  I'cmaining  pair  being  cut  out 
at  the  neutral  point ;  while  in  the  Gramme  machine,  the  num- 
erous armature  coils  being  connected  end  to  end  throughout^ 
and  coimections  being  made  to  the  metal  strips  composing  the 
commutator,  two  sets  of  coils  in  multiple  arc  are  at  one  time  in- 
tei-posed  in  the  circuit,  each  set  constituting  one  half  of  the] 
coils  on  tlie  armatiira 

The  comm a tator  consists  of  segments  of  brass,  secured  to  a] 


itV.  2i3. 


Hg,  214. 


ring  of  non-conducting  material,  carried  on  the  shaft     ThI 
segments  are  divided  into  two  thicknesses,  the  inner  being  per- 
manently secured  to  the  non-conducting  material,  and  the  outerj 
ones,  which  take  all  the  wear,  are  fastened  to  the  inner  in  such 
manner  that  they  can  be  easily  removed  when  required. 

The  commutator  brushes,  w^hich  are  composed  of  strips  of 
hard  brass,  joined  together  at  their  outer  ends,  are  inexpensive 
and  easily  renewed  The  high  speed  at  which  these  machine 
are  run,  together  with  the  form  o£  the  amiature,  cause  the  rota^J 
tion  of  the  latter  to  be  considerably  resisted  by  the  air,  and  pro- 
duce a  humming  sound,  but  otherwise  they  run  smoothly; 
the  heating  of  the  armature  being  inconsiderable,  not  exceeding 
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one  hundred  and  twenty  degrees  Fabrcnhcit  after  four  and  three 
quarter  hours*  run.  They  are  siuiple  in  oonstruetion,  all  the 
working  parts  being  easily  accessible,  and  the  cost  of  mainte- 
nance low. 

Fig.  212  represents  the  smaller  Brush  machine,  which  is  iden- 
tical in  mechanical  design  with  the  larger,  except  tliat  in  the 
former  there  are  two  commutators,  each  of  which  is  connected 
with  alternate  armatui'e  coils. 


Mg,  21  &. 


H      By  this  aiTangement  connections  can  be  so  made  as  to  produce 
electric  currents  of  high   or  low  electromoti\'e  force  (fifty-five 

»to  one  hundred  and  twenty  volts,  as  will  hei'eafter  bo  shown),  or 
the  conduetc»r  can  be  divided  into  two  circuits,  each  of  which  can 
be  utilized  for  producing  its  own  light,  or  for  ]>erforming  other 
work. 
B  In  the  "Wallace-Farmer  machine,  fig,  215,  the  magnetic  field  is 
also  produced  by  two  horse^slioe  electro-magnets,  but  with  poles 
of  opposite  character  facing  eacli  other*  Between  the  arms  of 
the  magnets,  and  passing  through  the  uprights  supporting  them, 
is  the  shaft,  cairying  at  its  centre  the  rotating  ai^matura 


446 


THE   ELECTBIC   LIGHT. 


This  consists  of  a  disk  ol:  cAst  iron,  near  the  periphery  oil 
which^  and  at  right  angles  to  either  face,  are  iron  cores,  wouuAl 
with  insulated  wire^  thus  constitutiiig  a  double  series  of  coik 
These  armature  coils  (figa  216  and  217)  being  connected  end  to 
end,  the  loops  so  fonned  are  connected  in  the  same  manner,  and 
to  a  commutator  of  tlie  same  construction,  as  that  of  the  Gramme. 
As  the  armature  rotates,  the  cores  pass  between  the  opposed 
north  and  south  poles  of  the  field  magnets,  and  the  current  gene- 
rated depends  on  the  change  of  polarity  of  the  cores.  It  will  be 
seen  that  this  constitutes  a  double  machine,  each  series  of  coils, 
with  its  commutator,  being  capable  of  use  quite  independentlv 
of  the  other;  but  in  practice  the  electrical  connections  are  sa 


/V^.  216. 
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made,  that  the  currents  generated  in  the  two  series  of  armature 
coils  pass  through  the  field  magnet  coils,  and  are  joined  in  on 
external  circuit  This  form  of  armature  also  presents  consider 
able  uncovered  surface  of  iron  to  the  cooling  effect  of  the 
but  its  external  form,  in  its  fan-like  action  on  the  air,  like  tha 
of  the  Bnish,  presents  considerable  resistince  to  rotation.  In  the' 
Wallace- Farmer  machine  there  was  coosiderable  heating  of  tlie 
armature,  the  tempemture  being  suflSciently  high  to  melt  sealing 
wax. 

The  Brush  and  Wallace- Farmer  machines  were  accompanied 
by  lamps,  or  carbon  holders,  which  were  thought  by  their  makers 
to  present  advantages,  if  not  for  all  machines,  at  least  to  be  espe- 
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daily  adapted  to  tbe  requirements  of  their  own.  The  usual  Serrin 
lamp,  which  is  made  by  M*  Breguot  for  the  Gramme  machine, 
did  not  accompany  the  latter.  The  result  of  experiment,  how- 
ever, quickly  established  the  suitability  of  the  Brush  lamp  as  the 
source  of  light  for  all  the  machines,  and  the  same  lamp,  with 
carbons  properly  adjusted  as  to  size,  was  used  for  the  several 
trials. 


Fig.  2ie, 

lis  lamp  15  shown  in  figs  218  and  219,  in  which  a  is  a  helix 
of  insulated  copper  wire,  resting  upon  an  insulated  plate,  6,  up- 
held by  the  metallic  post  c  Loosely  fitted  within  the  helix  is 
the  core  d,  partially  supported  by  the  adjustable  springs  e.    The 

»rod  /  passes  freely  through  the  centre  of  the  core  d,  and  has  at 
its  lower  end  a  clamp  for  holding  the  carbon  pencil.  A  washer, 
A,  of  brass,  surrounds  the  rod  /  just  below  iJie  core  d,  and  has 
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one  edge  resting  on  the  lifting  finger  attached  to  the  latter,  ithili 
the  other  edge  is  overhung  by  the  head  of  an  adjustable  scren 
stop,  X. 

The  metal  post  c  is  supported  and  guided  by  a  tubular  ] 
t*  secured  to  a  suitable  base  plate.     Attached  to  the  lower  < 
of  the  post  c,  and  passing  out  through  a  slot  in  i,  is  tlie  ami 
sujjporting  an  insulated  holder  for  the  lower  carbon. 

If,  now,  one  conducting  wire,  from  the  machine,  be  ctniuected 
to  the  base  plate,  and  the  other  to  the  lower  carbon  holder,  the 
current  cf  electricity  will  pass  up  through  the  posts  t  and  c, 


Fig.  219. 


through  the  belix  a,  rod/  and  the  carbons  k  i,  thus  completii] 
the  eireuit 

The  axial  magnetism  produced  in  the  helix  will  draw  up  the 
core  flf,  and  it,  by  means  of  tlio  lifting  finger,  will  raise  one  edge 
of  the  washer  A,  whiclj,  by  its  angular  impingement  against  the 
rod/  clamps  and  lifts  it  to  a  distance  controlled  by  the  adjus| 
able  Btop  ,T,  but  separating  the  carbon  points  far  enough  to" 
produce  the  light 

As  the  carbons  burn  away,  the  increased  length  of  the  electrid 
arc  increases  its  resistance  and  weakens  the  magnetism  of  tl 
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helix,  and,  therefore,  the  coil,  rod  and  carbon  move  downward 
by  the  force  of  gra^nty,  until,  by  the  shortening  of  the  arc,  the 
magnetism  of  the  hehx  is  strengthened  and  the  downward  move- 
ment arrested.  Wlien,  however,  the  downward  movement  is 
sufficient  to  bring  the  clutch  washer  h  to  the  support  ?,  it  will 
be  released  from  the  clamping  effect  of  the  lifting  finger,  and  the 
rod/ will  slip  through  until  arre&ted  by  the  upwani  movement 
of  the  coitJ,  due  to  the  increased  magnetism  of  the  helix- 

The  normal  position  of  the  clamp  washer  is  with  the  edge 
under  the  adjustable  st^op,  just  touching  the  support  g^  the  office 
of  the  core  l>eing  to  regulate  the  slipping  of  the  ro*!  thr<iugh  it. 
If,  however,  the  rod,  from  any  cause,  falls  too  far,  it  will  instantly 
and  automatically  be  mised  again,  as  at  first,  and  the  carbon 
points  thus  continued  at  the  proper  distance  from  each  other. 

In  the  lamp  used  in  these  experiments,  the  helix  was  com- 
posed of  two  aepamte  insuhited  wires  wound  together,  so  that,  by 
means  of  suitable  pin  contacts,  shown  at  the  top  of  fig  218^  they 
could  Ijc  connected  either  in  couplca  or  end  to  end,  thus  varying 
the  intensity  of  the  magnetism  of  the  helix.  This,  in  coDnection 
with  varying  the  weight  to  be  lifted  by  the  magnetism  of  the 
helix,  either  by  loading  the  core  or  increasing  the  upward  thrust 
of  the  springs,  enabled  us  to  adjust  the  lamp  to  suit  the  varying 
qualities  of  the  currents  dealt  witL 

In  order  to  make  the  measurements  as  accurate  as  possible,  it 
was  found  necessary  so  to  arrange  tho  apparatus  that  no  reflected 
or  diffused  light  should  fall  on  the  photometer,  and  thus  intro- 
^■tice  an  element  of  error.     The  arrangement  of  the  apparatus  to 
^^ccomplish  tliis  is  shown  in  fig.  220.     The  electric  lamp  was  en- 
I     closed  in  a  box,  open  at  the  back  for  convenience  of  access,  but 
closed  with  a  non-reflecting  and  opaque  screen  during  the  experi- 
ments*    Projecting  from  a  hole  in  the  front  of  the  box  was  a 
wooden  tube,  6,  6''  square  inside  and  8'  long,  with  its  inner  sur- 
face blackened  to  prevent  reflection,  thus  allowing  only  a  small 
k^^am  of  direct  light  to  leave  the  box.     This  l>eam  of  light  p;issed 
^■nto  a  similar  woo<len  tube,  c,  placed  at  a  proper  distance  from 
[     the  first,  and  holding  in  its  further  end  the  standard  car"^l*»  ^/. 
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This  tube  also  held  the  dark  box  of  a  Bunsen  photometer, 
mounted  on  a  slide,  so  a3  to  lie  easily  adjusted  at  the  proper dia- 
tauce  between  tlie  two  sources  of  light  A  slit  in  the  side  of  tk 
tube  enabled  the  observer  to  see  the  diaphragnu  The  outer  end 
of  the  second  tube  was  also  covered  with  a  non-reflecting  hood, 
and  the  room  was,  of  course,  darkened  when  photometric  mea- 
surements >vere  taken.  The  rigid  exclusion  of  all  reflected  or 
diffused  light  is  believed  to  be  the  only  tnistworthy  method  of 
obtaining  true  results,  and  mil,  no  doubt,  account  in  a  large 
measure  for  the  lower  candle  power  obtained  by  these  experi- 
ments than  that  obtained  by  many  previous  experimenters. 

The  diflSculties  encountered  in  the  measurement  of  the  light, 


-3a  f«t. 


Fig.  220. 

arising  from  the  difference  in  color,  were  at  first  thought  to  be 
considerable,  but  further  practice  and  experience  enabled  the 
obt^erver  to  overcome  them  lo  such  an  extent  that  the  error  arising 
from  tins  c^use  is  inconsiderable,  being  greatly  less  than  that  due 
to  the  fluctuations  of  the  electric  arc* 

The  advantage  to  be  derived  from  using  a  largiar  source  uf 
light  than  the  standard  candle,  in  measuring  tlie  electric  light, 
was  considered  A  gm  flame,  giving  twenty  candles'  light,  and 
the  ox y hydrogen  light,  so  adjusted  as  to  give  seventy  ta  one 
hundred  and  thirty-six  canfUcs,  were  carefully  meiisunnl  and 
used  as  a  crjuuparison.  Botli  of  these  were  found  unaatisfacti?ry, 
and  the  measurements  relied  on  for  our  calculations  were  made 
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entirely  with  a  standanl  candle^  carefully  corrected  for  any 
vfiriation  of  consumption  from  one  hundred  aud  twenty  grains 
er  hour. 
Were  much  higher  intensities  of  light  to  be  measxxred,  it 
Should  be  well  to  use,  as  a  means  of  cooiparison^  a  large  gas 
burner  or  a  multiple  wick  lamp,  such  as  are  employed  in  light- 
^piouso  service,  its  power  being  coiiistantly  checked  by  measure- 
^pneQts  with  the  standard  candle  and  separate  photometer ;  but, 
Krit 
Kcai: 


rith  the  volume  of  light  dealt  with  in  these  experiments,  the 


I 

^tic 
Kin 

P 


iidle  was  sufficiently  large,  and  its  direct  use  greatly  reduced 
the  chance  of  eiTon 

In  the  earlier  experiments,  measurements  of  light,  cuiTent 
and  power  were  made  Bimultaneoualy,  thus  establishing  standard 
references  by  which  after  experiments  upon  the  different  points 
were  connected. 

In  determining  the  amount  of  light  produced  by  each  maeliine, 
it  was  run  continuously  forfiom  four  to  five  houra,  and  obscrva- 
,tions  made  at  inten^tds,  care  being  taken  to  maintain  the  speed 
nd  other  conditions  nomial  One  of  the  most  imj^jortant  cun- 
itions  necessary  to  insure  correct  results  was  the  i*elative  posi- 
tion of  the  carbon  pjints.  Gre^t  care  was  taken  that  the  axes 
of  the  two  sticks  or  pencils  of  carbon  were  in  the  same  linCj  so 

I  that  the  light  produced  should  be  projected  equally  in  all  direc- 
tions. Were  the  axes  of  the  carbon  pencils  not  in  the  same 
line,  a  much  greater  quantity  of  light  would  he  projected  in 
one  direction,  and  the  result  of  calculation  of  ttie  light  pro- 
dueeil,  basecl  on  the  inverse  square  of  the  distance  from  the 
photometer,  woulcl  l>e  too  great  or  Uio  small,  accordingly  as  this 
adjustment  was  in  the  one  or  the  other  direction. 

To  facilitate  observations  duriDg  the  exjicriments,  there  was  at- 

tached  at  e,  to  the  side  of  the  box  a,  holding  the  electric  lamp,  a 

■focussing  lens,  with  its  axis  at  right  angles  to  the  beam  of  light, 

to  the  photcxneter,  and  an  image  projecte^l  upon  a  screen  cnabUng 

■  the  observer  to  see  tlie  condition  and  position  of  the  carbon 
points  without  fatiguing  the  eye.  Photographs  were  also  taken, 
from  time  to  time,  at  the  moment  of  making  the  photometric 
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obseiTatioDs — thus  securing  a  pennanent  record  of  thecoadttiCrti] 
of  the  carbon  poiiita 

Another  difficulty  in  determining  the  exact  photometric  valuiij 
of  the  electric  light  is  the  fluctuation,  or  rather,  the  movii^ 
from  side  to  side,  of  the  electric  arc,  nnd  grtuit  care  wtis  takeu 
to  adjust  the  conditions,  that  the  arc  or  flame  should  be  BtoadjJ 
and  eqaally  distributed  about  the  ends  of  the  carbon  i>eiiciU. 

Figs.  221  to  228  are  full  size,  exact  i*cprod actions  *»f  the  jl'  ■ 
gi'aphs  taken,  and  fairly  represent  the  avemge  condition  ul  i^. 
carbon  when  observations  were  made. 

It  was  fountl^  that  although  there  was  a  slow  consumption 
the  negative  carbon,  there  was,  at  the  same  time,  a  const 
"  stalagraatic"  growth  of  particles  carried  from  the  {xjsitiva 
bon  by  the  action  of  the  electric  current     These  stalagmit 
assumed  different  forms,  as  shown  in  the  cuts,  but  no  j  ■■-»-* 
form  seemed  to  be  produced  by  the  current  from  the 
machines,  except  that  the  dejiosits  on  the  negative  carbon  won 
become  greater  with  increased  current     These  deposits  wou 
build  up  gradually  until  they  had  assumed  the  forms  sliown 
tigs.  226  and  228 ;  then  growing  narrower  near  the  base,  until,  1 
a  weakening  of  the  current  by  this  and  the  consumption  of 
upper  carbon,  the  lamp  would   retidjust   itself,  and  the   pie 
wrvuld  drop  off.     The  effect  of  these  growths  on  the  intensity 
of  the  light  was  scarcely  appreciable,  except  for  a  few  MOOnd 
before  and  after  the  readjustment  oi  the  lamp. 

Experiments  were  also  made  to  determine  what  would  be 
effect  on   the  amount  of  light  produced  by  so  adjusting  tl 
carbons,  that  the  front  edgo  of  the  upper  one  was  in  line  witi 
tlie  centre  of  the  lower  one.    Fig,  229  shows  such  an  adjustment, 
and  is  from  a  photograph  taken  while  measuring  the  light  pc^H 
dueed  from  the  small  Bnish  machine,  running  at  twelve  hiindrec^ 
and  fifty  revolutions  per  minute,  and  resulting  as  foDows: 

Front , 22 18  candles. 

Side 578 

'*    .    673        •♦ 

Back ,.. .,..,.. in 

3435^=871, 
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The  light  produced  by  the  same  maohine^  under  the  Bame 
conditions,  except  the  carbons  being  adjusted  in  one  vertical 
line,  was  eriual  to  that  of  fiv-e  hundred  and  twenty*live 
candles.     This  would  Beeni  to  indicate   that  nearljr  sixty-six 


Mg  223. 


Fitj.  221. 


I     I\ff.  225.*  Fitj.  22ru  Fi^j.  227.  Fpj.  223. 

"per  cent  more  light  was  produced  by  this  adjustment  of  the 
carbons;  but  a  close  study  of  the  conditions  satisfies  us  that 
such  is  not  the  case,  and  that  there  is  no  advantage  to  be  derived 


♦  The  voltaic  arc  should  have  been  ahown  io 
^fcrbooB  used  were  ooated  with  copper 


225  aa  in  fig.  227.    AM  the 
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from  such  adjustment,  except  when  the  liglit  is  intended  to  bet| 
used  in  one  direction  onlv. 

We  would  here  call  the  attention  of  those  who  may  eomjmraJ 
our  results  with  those  obtaine<l  at  the  recent  experimente 
South  Foreland,  England^  to  the  following  statement  upon 
point,  in  the  report  of  Mr.  Jas,  N.  Douglas,  engineer  to  tle^ 
Trinity  House,  page  sixteen  of  the  official  report : 

I  have  found  this  arrangement  of  the  carbons  (the  axis 
the  liottom  carhon  nearly  in  the  same  vertical  plane  as  the  frou 
of  tbe  top  carbon),  and  assuming  the  intensity  of  the  light  wit 
the  carbons  having  their  axis  in  the  same  veilical  line  to  be 
represented  by  one  hundred,  the  iTdensity  of  the  light  in  four 


Fig  329. 

directions  in  azimuth,  say  east,  west,  north  and  south,  will  be^ 
nearly  as  follows : 

East  or  front  intengitj %S1  to  100 

North  or  side 116  to  100 

South  or     "    , lie  to  100 

Westorback 38  to  1 00 

567-^4=139  to  100 

#  #  -»f  -af  #  #  # 

In   measuring   the  c-andle   power  of   the  light  produced  by' 
each  machine^  I  have  given  the  mean  intensity  obtained  in  the 
direction  of  the  photometer,  the  carbons  in  lamp  working  witb 
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the  Holmes  and  Alliance  machines  being  always  arranged  witb 
the  axea  in  the  same  vertical  line,  and  the  cartons  in  the  lanip 
working  the  Gramme  and  Siemens  machine  being  always  ar- 
ranged with  the  front  edge  of  the  top  carbon  nearly  on  the 
centre  of  the  bottom  carbon. 

It  is,  therefore^  e\adent  that  the  results  given  by  Mr,  Douglas 
must  be  divided  by  2'87  in  making  a  comparison  with  those 
obtained  by  us. 

Thus,  in  the  table  on  page  31  of  the  official  report^  in  the 
column  headed  light  produced  by  horse  power  in  standard 
candles,  he  gives  for  the  Gramme  machine  condensed  beam 
twelve  hundred  and  fifty-seven ;  but  if  this  be  divided  by  2*87,  we 
liavo  four  hundred  and  thirty -eight  candles,  which  is,  no  doubt, 
still  too  high^  our  result  of  three  hundred  and  eighty-three  can- 
dles per  hoi"^  power  for  the  Gramme  being  obtained  under  the 
careful  and  rigid  conditions  before  named. 

In  many  battery  circuits  a  high  external  resistance  may  be 
employed,  and  the  electromotive  force  remain  comparatively 
constant,  while  in  dynamo-electric  machines,  in  which  the  re- 
action principle  is  employed,  the  introduction  of  a  very  high 
external  resistance  into  the  circuit  must  be  necesstarily  attended 
by  decided  variations  in  the  electromotive  force,  due  to  changes 
in  the  intensity  of  the  magnetic  field  in  which  the  currents  have 
their  origin.  Moreover,  a  considenible  difficulty  is  experienced 
in  the  great  variations  in  the  behavior  of  these  machines  when 
the  resistance  of  the  arc,  or  that  of  the  external  work,  ia 
changed.  Changes,  due  to  loss  of  conductivity  by  heating,  also 
take  place  in  the  machine  itselL 

The  variations  above  mentioned  are  also  attended  by  changes 
in  the  power  required  to  drive  the  machine,  and  m  the  speed  of 
running,  which  again  react  on  the  current  generated. 

There  are  certain  normal  conditions  in  the  running  of  dy- 
namo-electric machines  designed  for  light,  under  which  all 
measurements  must  be  made^  viz. : 

1.  The  circuit  must  be  closed,  since,  on  opening,  all  electrical 
manifest4itions  cease. 
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2.  The  circuit  must  be  closed  through  an  extenial  reaistance 
equal  to  that  of  the  arc  of  the  machine. 

3.  The  arc  taken  as  the  standard  must  be  the  normal  aie  of 
the  machina     This  couditioa  can  only  be  fulfilled  bv  noticing 
the  behavior  of  the  ma^'hine  wliile  running,  as  to  the  absence  ot  j 
sparks  at  the  commutator,  the  heating  of  the  machine,  the  regu- 
larity of  action  in  the  consumption  of  carbons  in  the  lamp,  etc, 

4.  The  speed  of  the  machine  must  be,  as  nearly  as  po^ble, 
constant 

5.  The  power  required  to  maintain  a  given  rat©  of  speed  mi3 
be,  as  nearly  as  possible,  constant 

The  machines  submitted  Xjo  us  for  determinations  were,  a»l 
already  stated : 

1.  Two  machines  of  different  size,  and  of  somewhat  dlfferenti 
detailed  constructioni  built  according  to  the  invention  of  Mr*  Cj 
F.  Brush,  and  style*!  respectively  in  our  report  as  A^,  the  \b 
of  the  two  machines,  and  A^,  the  smaller. 

2.  Two  machines  known  as  the  Wallace-Farmer  machineSi 
differing  in  sijse,  and  in  minor  details  of  construction,  and  design" 
nated  respectively  as  B^,  the  larger  of  the  two,  and  B^,  the* 
smaller.     In  the  case  of  the  machine  B*,  the  experiments  were^ 
discontinued  after  the  measurement  of  the  resistances  was  raade 
insufficient  power  being  at  our  disposal  to  maintain  the  machine 
at  its  proper  rate  of  speed. 

3.  A  Gramme  machine  of  the  ordinary  construction. 
All  the  alcove  machines  are  constructed  so  that  tlie  whole  ciir^l 

rent  traverses  the  coils  of  the  field  magnets,  being  smgle  current! 
machines,  in  which  the  reaction  principle  is  employed.     In  thdl 
case  of  the  macliine  designated  A*,  the  commutators  are   bo\ 
arranged  as  to  permit  the  use  of  two  separate  circuits  when 
desired. 

For  the  purpose  of  preserving  a  ready  measure  of  the  current 
produced  by  each  machine,  under  normal  conditions,  a  shunt  was  j 
constructefl  by  which  an  inconsiderable  but  definite  proportion  oi] 
the  current  was  caused  to  traverse  the  coils  of  a  galvanometer  ' 
thus  giving  with  each  machine  a  convenient  deflection,  which 
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ny  time  be  reproduced.     As  the  interposition  of  tbis 

I  shunt  in  the  circuit  did  not  appi*eciably  increase  its  resistance, 
Ithe  normal  conditions  of  running  were  preserved* 
As  indicating  the  preservation  of  normal  conditions  in  any 
case,  the  speed  of  running  and  the  resistances  being  tlie  same  as 
in  any  previous  run,  it  was  found  that  when  there  was  an  equal 
espenditure  of  power,  as  indicated  by  tlio  dyuamometer^  the  cur- 
rent produojed,  as  indicated  by  the  galvanometer,  was  in  each 
case  the  same. 

Certain  of  the  machines  experimented  with  heated  consider* 
abW  on  a  prolonged  run ;  most  of  the  test^,  therefore,  were  made 
when  the  machines  were  as  nearly  a^  possible  at  about  the  tem- 
perature of  the  surrounding  air.     It  m  evident  tliat  no  other 
ui  standard  could  be  well  adopted^  as  under  a  prolonged  run  the 
Bieraperature  of  the  dtiTerent  paits  of  the  machine  would  increase 
Bvery  unequally;  and,  moreover,  it  would  be  impossible  to  make 
any  reliable  measurements  of  the  temperatures  of  many  such 
parts. 
B    In  measuring  the  resistance  of  the  machines,  a  Wheatstone*s 
bridge,  with  a  sliding  contact,  was  used  in  connection  with  a  deli- 
cate  galvanometer  and  a  suitable  voltaic  battery.     In  taking  the 
B  resistances  of  the  machines,  several  measurements  were  matle 
with  the  armatures  in  different  positions^  and  the  mean  of  these 
^-measurements  taken  as  the  true  resistance. 
^P    It  was,  of  course,  a  matter  of  the  greatest  importance  to  obtain 
a  value  for  the  resistance  of  the  arc  in  any  case,  since  upon  the 
relative  values  of  this  resist4:mce,  and  that  of  the  machine,  the 
efficiency  would  in  any  given  case,  t^)  a  great  extent,  depend.   In 
eh  case^  the  arc  of  w^hich  the  resistance  was  to  be  taken  was 
Ihat  which  was  obtained  wlien  each  machine  was  giving  its  aver- 
igc  results  as  to  steadiness  of  light  and  constancy  of  the  galvan- 
ometer deflection. 
The  method  adopted  for  the  measurement  of  the  arc  was  that 
^  of  sulistitution,  in  which  a  resistance  of  german  silver  wii*e  im* 
mersed  in  water  was  substituted  for  the  ai^,  without  altering  any 
conditions  of  running.     This  substituted  resistance  was 
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afterwards  nieasare^l  ia  the  usual  way,  and  gave,  of  course,  tfe 
resistance  of  the  ai-c  It  coald^  therefore,  when  so  d^ired,  serve 
as  a  siil>stitute  for  the  arc.  No  other  method  of  obtaining  the 
arc  resistance  appeared  applicable,  since  the  constancy  of  the  w- 
sistance  of  the  arc  required  the  passage  of  the  entire  ciirrent 
thronirh  the  carbons. 

It  may  be  mentioned,  aa  an  interesting  fact  in  this  connection, 
tliat  when  the  current  flowing  wiis  great,  tlie  arc  coiTespondingj 
thereto  had  a  much  lower  resistance  tliau  when  the  current 
smidl.     This  fact  is,  of  course,  due  to  increased  vaporization 
consequent  on  increased  tempcniture  in  the  arc 

In  determining  the  true  arc  resistance,  the  resistance  of 


iVj.  230. 

electric  lamp  controlling  the  arc  was  measured  separately,  and 
deducted  from  the  result  obtained  with  the  german  silver  wife 
substitute. 

For  ease  of  obtaining  a  resistance  of  german  silver  wire  eqa^l 
in  any  case  to  that  of  the  arc,  a  simple  rheostat  was  construct 
by  winding,  upon  an  open  frame,  such  a  length  of  wire  as 
judged  to  be  in  excess  of  the  resistances  of  any  of  the  arcs  to  be 
measured.  By  means  of  a  sliding  contact,  successive  lengths 
the  wire  were  added,  until  the  conditions  as  above  stated  wen 
reproduced.  Fig.  230  shows  the  arrangement  of  the  rhoostati 
With  this  arrangement,  no  difficulty  was  experienced  in  repr 
ducing  the  same  conditions  of  normal  running  as  when  the  J 
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was  used  The  same  conducting  wires  were  iised  tlirougbout 
these  experiments.  Being  of  heavy  copper,  their  resistance  was 
low,  viz.:  about  *016  ohm. 

Having  th\is  obtained  the  circuit  resistances,  we  proceeded  to 
detenaine  the  value  of  the  cun*ent.  Here  the  choice  of  a  num- 
ber of  methods  presented  itself.  Wc  selected  two  methods,  one 
ased  on  the  production  of  heat  in  a  cingiiit  of  known  resistance, 
and  the  other  upon  the  comparison  of  a  definite  proportion  of 
the  current  with  that  of  a  DanielPs  battery. 

In  the  application  of  the  first  method,  eight  litres  of  water,  at 
a  known  temperature,  wei-c  taken  and  placet!  in  a  suitable  non- 
conducting vessel.  In  this  was  immei"sed  the  german  silver  wire 
befni-e  mentioned,  and  tlic  sliding  contact  so  adjusted  as  to  affoixi 
a  resistance  equal  to  that  of  the  normal  arc  of  the  machine  under 
consideration.  This  was  now  introduced  into  the  circuit  of  the 
machina  All  these  arningenients  having  l>eon  made,  the  tem- 
perature of  the  water  was  accurately  obtained,  by  a  delicate  ther- 
mometer, rending  readily  to  quarter  degrees  Fahn?nheit,  The 
current  fnim  tlie  machine  rumiing  under  normal  conditions  was 
allowed  to  pass,  for  a  definite  time,  through  the  calorimeter  so 
rovidcd.     Fmm  the  data  thus  obtained,  after  making  the  nee- 

lary  con'eetions  as  to  the  weight  of  the  water  employed,  the 

Ui\  heating  effect  in  the  arc  and  lamp,  as  given  in  Table  R^., 
as  deduced. 

Since  the  heat  in  various  portions  of  an  electrical  circuit  is 
directly  proportional  to  the  resistance  of  those  portions,  the  total 
heat  of  the  circuit  was  easily  calculated,  and  is  given  in  Table 
v.,  in  English  heat  units.  For  ease  of  reference,  the  constant 
has  been  given  for  conversion  of  these  units  iuto  the  now  com- 
^snonly  accepted  units  of  heat. 

Having  thus  obtained  the  heating  effect,  the  electrical  current 
is  readily  determiued  by  the  well  known  formula, 


I 


M  i  c 


where  (7^=  the  veber  current  per  ohm,  TFthe  weight  of  water  In 
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pounds,  h  the  increase  of  temperature  in  degrees  Fahrenheit,  seven' 
hundred  and  seventy-two  Joale  a  constant,  R  the  resistance  in 
ohms,  t  the  time  in  seconds,  and  c  the  constant,  '737335  the 
equivalent  in  foot  jK>unds  of  one  vel>er  per  ohm  per  seconi  Tl 
currents  so  deduced  for  the  different  machines  ai-e  given  m 
Tahle  VL 

The  other  method  employed  for  obtaining  the  current,  viz.,  tto 
comparison  of  a  definite  portion  thereof,  virith  the  current  from  i 
Daniell  s  hatterj^  was  as  follows :  a  shunt  was  constructed,  of  whicli' 
one  division  of  the  circuit  was  -12  ohm,  and  the  other  three  thou- 
sand ohms.  In  this  latter  di^dsion  of  the  circuit  was  pla<'c^l  % 
low  resistance  galvanometer,  on  which  convenient  deflectioni 
were  obtained-  Tliis  shunt  being  placed  in  the  circuit  of  tlie 
machine,  the  galvanometer  deflectiouH  were  carefully  noted.  Ta 
the  resistance  afforded  by  the  shanty  such  additional  resistance 
was  added  as  to  make  the  whole  equal  U^  that  of  the  normal  arc 
of  the  machine.  These  substituted  resiistances  were  immersed  in 
water^  in  order  to  maintain  an  equable  temperature. 

Three  DanielFs  cells  were  can:fully  set  up  and  put  in  circuit 
with  the  same  galvanometer  used'above,  and  with  a  set  of  stand- 
ard resistance  coils.     Resistances  were  unplugged  sufficient  ttj^ 
produce  the  same  deflections  as  those  noted  with  the  shunt  abovi^B 
mentioned.     The  shunt  ratio,  as  nearly  aa  could  (X^nveniently  be 
obtained,  was  ^^^inr'     Then  the  formula, 

5  n  X  1  '079 


C— 


R 


where  C  equals  the  veber  current,  a  the  reciprocal  of  the  \ 
ratio,  n  the  number  of  cells  employed,  1^079  the  assumed  norroal 
value  of  the  electro- motive  force  of  a  Damells  cell,  and  R  the  re- 
sistances in  the  circuit  with  the  battery,  gives  at  once  the  current. 
In  comparison  with  the  total  resistances  of  the  circuit,  the  inlet- 
nal  resistance  of  the  battery  was  so  small  as  to  be  neglected. 
The  results  obtained  were  as  follows: 
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Kftiae  of  MacMnti, 


Small  Brush, *. 

WaDace- Farmer  |  '  ^  •  • 
Gnunme 


Shunt 


110  00 


Nttmbof  of 

Dnnieira 

Cells. 


ReeisUncc« 
Unp!  tigged. 


27 JO  olims, 
3700      " 
8320      *• 
6980      " 
4800      " 


Sp^ed  of 
Machine, 


1340  rov, 
1400     '^ 

844     " 
1040     ♦' 

800     ♦' 


: 


The   veber  carrents,  as  calculated  from  the  above  dat%  are 
>ven  in  Table  VL 

From  the  results  thus  derived,  the  electro-motive  force  was 
deduced  by  the  general  formula, 

The  electro-motive  force  thus  calculated  will  be  found  in 
^Table  YL 

Statements  are  frequently  made,  when  speaking  of  certain  dy- 
[tiamo-electric  machines,  that  they  are  equal  to  a  given  number 
of  Daniell's,  or  other  well  known  battery  cells.     It  is  evident, 
however,  that  no  such  comparison  can  properly  be  made,  since 
the  electro-motive  force  of  a  dynamo-electric  machine,  in  which 
the  reaction  principle  is  employed,  changes  considerably  with 
any  change  in  the  illative  resistances  of  the  circuit  of  which  it 
^fclorms  a  part^  while  that  of  any  good  form  of  battery,  disregard- 
^BBg  polarization,  remains  approximately  constant     The  internal 
^wesistance  of  dynamo-electric  machines  is,  as  a  rule,  verj^  mucli 
Blower  tliao  that  of  any  ordinary  series  of  battery  cells,  as  gener- 
ally constructed;  and,  therefore,  to  obtain  with  a  battery,  condi- 
^^tions  eq\iivalent  to  those  in  a  dynamo-electric  machine,  a  suffi- 
^peient  number  of  cells  in  series  would  have  to  be  employed  to 
give  the  same  electro-motive  forc«;  while,  at  the  same  time,  the 
size  of  the  cells,  or  their  number  in  multiple  arc^  would  require 
to  be  such  that  the  internal  resistance  should  equal  that  of  tlie 
^knachine. 

^^  Suppose,  for  example,  that  it  be  desired  to  replace  the  large 
Brash  machine  by  a  battery  wliose  electro-motive  force  and  in- 
ternal and  external  resistances  are  all  equal  to  that  of  the 
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Tnachine,  and  that  we  adopt  as  a  standard  a  Daniell's  coll,  of  an 
internal  i^e^istant'e  of^  say,  one  ohm.  Referring  to  Table  VL,  the 
electro-motive  force  oi  this  machine  is  about  thirty-nine  volts,  to 
produce  which  about  thirtj-sevea  cells,  in  series,  would  be  re- 
quired; but,  by  Table  IV.,  the  internal  resistance  of  this  machine 
is  about  '49  ohm.  To  refluce  the  resistance  of  our  standard  cell 
to  this  ilguiM?,  when  thirty-seven  cells  are  employed  in  scries, 
seventy-six  cells,  in  multiple  are,  would  be  required.  Therefore, 
tlie  total  number  of  cells  necessary  to  replace  this  machine 
would  equal  thirty-seven  by  seventy-six,  or  two  thousand  eight 
lundred  and  twelve  celH  working  over  the  same  external  resist- 
incc.  It  must  be  home  in  mind,  however,  that  although  the 
machine  above  mentioned  is  equal  to  two  thousand  eight  hun- 
drcnl  and  twelve  of  the  c<^lls  taken,  that  no  other  arrangement  of 
these  cells  than  tliat  mentioned,  viz.,  seventy-six  in  multiple  arc, 
and  thii*ty-seven  in  series,  could  reproduce  the  same  conditions, 
and,  moreover,  the  external  resisUuices  must  be  the  same.  The 
same  principles,  applied  to  the  other  machines,  would,  when  the 
internal  resistance  was  great,  require  a  large  number  of  cells,  but 
arranged  in  such  a  way  as  to  be  extremely  wasteful,  from  by  far 
the  greater  portion  of  the  work  being  done  in  overcoming  the 
resistance  of  the  battery  itself. 

The  true  comparative  measure  of   the  efRciency  of  dynamo- 

I electric  machines  as  means  for  converting  motive  power  into 
|work  derived  from  electrical  currents,  whether  as  light,  heat  or 
chemical  decomposition,  is  found  by  comparing  the  units  of  work 
ksonsunied  with  the  equivalent  units  of  work  appearing  in  the 
circuit  external  to  the  machina  In  Table  YII.,  the  comparative 
pata  am  given.  In  the  first  column  the  dynamometer  reading 
gives  the  total  power  consumed  ;  from  which  are  to  be  deducted 
the  ligures  given  in  the  second  column,  being  the  work  expended 
in  friction,  and  in  overcoming  the  resistance  of  the  air ;  although, 
of  course,  it  must  be  borne  in  mind,  that  that  machine  is  the 
most  economical  in  which,  other  things  being  equal,  the  resist- 
ance of  the  air  and  the  friction  are  the  least  The  third  column 
ives  the  total  power  expended  in  producing  electrical  effects,  a 
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porti<5n  only  of  which,  liowever,  appears  in  the  effective  circuit 
the  remainder  being  variously  coiisiuiied  in  the  productdou  o( 
local  circuits  in  the  different  masses  of  metal  composing  tLe 
machinea  This  work  eventually  appears  as  heat  in  the  machiae 
Columns  four,  five  and  six  give  respectively  the  relative  amouDte 
of  power  variously  appearing  as  heat  in  the  are,  in  the  entire 
circuit,  and  as  heat  due  to  local  circuits  in  the  conducting  nuisses 
of  metal  in  the  machine,  irrespective  of  the  wire.  This  latter 
consumption  of  force  may  be  conveniently  described  as  due  u> 
the  local  action  of  the  machine,  and  is  manifestly''  corni)amWe  to 
the  well  known  local  action  of  the  voltaic  battery,  since  in  each 
case  it  not  only  acts  to  diminish  the  effective  current  produced, 
but  also  adds  to  the  cost 

We  desire  to  call  attention  to  the  fact,  that  in  all  the  determi* 
nations  conducted  by  us,  we  have  been  particularly  careful  to  ^ 
insure  a  definite  relation  between  the  external  and  internal  re- 
sistances in  each  case — a  condition  of  paramount  importance  ia 
the  effective  working  of  these  machines.  It  is  evident,  indeed, 
that  no  determinations  made  with  an  unknown  or  abnormal  ejc- 
temal  resistance  can  be  of  any  value,  since  the  proportion  of  work 
done,  in  the  several  portions  of  an  electrical  circuit,  depends  upon, 
and  varies  with,  the  resistances  they  offer  to  its  passage  If, 
therefore,  in  separate  determinations  with  any  particular  machine,- 
the  rasistance  of  that  part  of  a  cii-cuit  of  which  the  work  ia  mcas-| 
Tired  be,  in  one  instance  large,  m  proportion  to  that  of  the 
mainder  of  the  circuit,  and  m  another  small,  the  two  measur 
merits  thus  made  would  ^ve  widely  different  result  since  in  the 
case  where  a  large  resistance  was  interposed  in  this  part  of  thi 
circuit,  the  percentage  of  the  totiil  work  appearing  there  would 
be  f^eater  than  if  the  small  resistance  had  been  used. 

When  an  attempt  has  been  made  t*>  determine  the  efficiency 
of  a  single  machine,  or  of  the  relative  efficiency  of  a  number  < 
machines,  by  noting  the  quantity  of  gas  evolved  in  a  voltameter,^] 
or  by  the  electrolysis  of  copper  sulphate  in  a  decomposing  cell 
when  the  resistance  of  the  voltameter  or  decomposing  cell  did 
not  represent  the  normal  working  resistance,  it  is  manifest  that 
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le  results  cannot  proi>erly  be  taken  as  a  measure  of  the  actual 
efficiency. 

In  Table  IV,  it  will  be  found,  that  in  general,  where  the  machine 
used  had  a  high  internal  resistance,  the  arc  resistance  normal  to 
it  was  also  high,  but  they  are  not  ne<x*ssarily  dependent  upon 

teach  other.  The  arc  resistance  depends  on  the  intensity  of  the 
current,  the  nature  of  the  carbons^  and  on  their  distance  apart 
Other  conditions  being  the  same,  the  resistance  of  the  arc  is  less 

■when  the  current  is  great 
Since  all  the  machines  examined  were  built  for  lighting,  it 
will  readily  be  seen  that,  other  things  being  equal,  that  machine 
is  the  most  economical  in  which  the  work  done  in  the  arc  bears 
[a  considerable  proportion  to  that  done  in  the  whole  circuity  and 
lince,  with  any  given  current,  the  work  is  proportional  to  the  re- 
l«istance,  we  have  in  Table  TV.  the  data  for  coraparison  in  this 
fTegard,     For  example,  in  the  second  determination  of  A*^  the 
[large  Brush  machine,  the  resistance  of  the  arc  constitutes  con- 
fsiderahly  more  than  one  half  the  total  resistance  of  the  entire 
circuit,  while  in  B^,  the  small  Wallace-Fanner  machine,  it  con- 
stitutes somewhat  more  than  one  third  the  total  resistance. 
^These  relative  resistances  give,  of  coui^e,  only  the  proportion  of 
H|he  current  generated,  which  is  utilize<:l  in  the  arc  as  light  and 
HiMicfcr  ^^^  conditions  of  power  consumed  to  produce  the  current 
no£  being  there  expressed. 

During  any  continued  run,  the  heating  of  the  wire  of  the 
machine,  either  directly  by  the  current,  or  indirectly  from  con- 
duction from  those  parts  of  the  macliine  heated  by  local  action, 
as  explained  in  a  former  part  of  this  rep:»rt,  produces  an  increased 
i-esistance,  and  a  consequent  falling  off  in  the  effective  current 
Tlius,  in  Table  lA"..  at  the  tempeniture  of  78-5^'  Fahn,  A',  the 

» large  Brush  machine,  had  a  resistance  of  485  ohm,  while  at 
eighty -eight  degrees  Fahrenheit,  at  the  armature  coils,  it  was 
^r95  ohm.  These  differences  were  still  more  marked  in  the  case 
of  BK 

In  A*,  the  small  Brush  machine,  it  will  be  noticed  that, two 
iseparate  values  are  given    for  the   resistance  of  the  machina 
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Tbese  correspond  to  diiVerent  connections,  viz.,  the  resistance, 
1'239  ohmSj  being  the  connection  at  the  commutator  for  low  re- 
sistance, the  double  conducting  w^ire^  being  coupled  iu  mtiltiple 
arc,  while  5044  ohms  represent  the  resistance  when  tho  section 
of  the  double  conductor  are  coupled  at  the  commutator  in  series. 

Keferring  to  Table  V.^  the   numbers  given    in  the  column 
headed  '^Heat  in  arc  and  lamp,"  are  the  measure  of  the  total! 
heating  power  in  that   portion  of   the  circuit  external  to  thei 
machine.     They  do  not,  however,  in  the  case  of  any  raachine^j 
represent  the  energy  which  is  available  for  the  production  o| 
light,  which  depentls  also  on  the  nature  and  the  amount  of  the' 
resistance  over  which  it  ia  ex|jendci     For  example,  the  heat  iu 
arc  and  lamp  are  practically  the  same  in  each   of  the  Brush 
mai'hines,  if  the  meiisurement  of  the  smaller  of  these  machines 
be  taken  at  the  higher  speed.     The  amount  of  light  produced, 
however,  is  not  the  same  in  these  two  instances,  being  consider* 
ably  greater  in  the  case  of  the  larger  machine.     The  explanation 
of  this  apparent  anomaly  is  undoubtedly  to  be  found  in  the  dif- 
ferent resistances  of   the  arcs  in   the  two  cases.     In  the  hirge 
Bnish  machine  the  carbons  are  nearer  together  than  when  the  j 
amull  machine  is  used.     This  suggests  the  very  plausible  expla- 
nation, that  the  cause  of  the  difference  is  to  be  attributed  Uy  the  j 
fact,  that,  although  the  tt>tal  heating  effect  is  equal  in  each  c 
when  the  lai-ge  machine  is  nsed^  the  heat  produced  is  evolved  in] 
a  smaller  space,  and  it^  temperature,  and  consequent  light  giving  j 
power,  thereby  largely  increased* 

It  would  seem,  indeed,  that  any  future  improvements  made  in 
the  direction  of  obtaining  an  increased  intensity  of  light  from 
a  given  current^  will  be  by  concentrating  the  resistance  normal 
to  the  arc  in  the  most  lhnitc\l  siuice  practicable,  thereby  increas- 
ing the  intensity  of  the  heat,  and^  consequently,  its  attendant  light 

It  may  be  noted,  in  this  connection,  that  in  all  the  cases  in^ 
which  the  resistance  of  the  arc  was  low,  the  j>hotometric  int«n* 
sity  was  high.     This,  indeed,  might  naturally  be  expected,  since 
a  great  intensity  of  heat  would,  under  existing  conditions  of  the  j 
use  of  the  arc,  admit  of  increased  vaporization,  and  consequent 
lowering  of  the  resistanca 
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In  the  column  header!  '*  Total  heat  of  circuit,"  are  given  the 
quantities  of  heat  developed  in  the  whole  circuit,  which  num- 
bers, compared  with  those  in  the  preceding  column,  famish  us 
with  tlie  relative  proportions  of  the  work  of  the  circuit,  whicli 
appeiir  in  the  arc  and  lamp. 

The  column  headed  **  Ileat  per  ohm  per  second/'  gives  the 
relative  work  per  ohm  of  resistance  in  each  case,  and  tliese  num- 
bers, multiplied  by  the  total  resistance,  give  the  total  energy  of 
the  current  expressed  in  heat  units  per  second. 

In  Table  VL  are  given  the  results  of  calculation  and  measure- 
ment,  as  to  the  electric  work  of  each  machina  It  is  evident,  to 
tliose  acquainted  with  the  principles  of  electrical  science,  that  in 
the  veljcr  current  and  the  electro-motive  force,  we  have  the  data 
for  comparing  the  work  of  these  machines  with  that  of  any  other 
machine  or  battery,  whether  used  for  light,  heat,  electroljrsis,  or 
any  other  form  of  electrical  work. 

As  might  be  suppfjsed,  the  values  given  in  Table  VL,  of  the 
veber  current,  approximate  relatively  to  the  photometric  values, 
as  will  be  seen  from  an  examination  of  that  part  of  the  general 
report  of  the  committee  relating  to  photometric  measm-ements. 

The  values  of  the  veber  current,  as  deduced  from  the  heat 
developed,  and  from  the  comparison  with  a  Daniells cell,  do  not 
exactly  agree ;  nor  could  this  have  been  expected,  when  the 
difficulty  of  minutely  reproducing  the  conditions  as  to  speed, 

istance,  etc,  is  considered. 

By  comparison  of  the  electro-motive  force  of  the  different 
machines,  it  appears  that  no  definite  unit  seems  to  have  l>een 
aimed  at  by  all  the  makers  as  that  best  adapted  to  the  produc- 
tion of  light* 

Table  VLL  is  designed  especially  to  permit  a  legitimate  com- 
parison of  the  relative  efficiency  of  tlie  machines,  as  well  as  their 
actual  eilicicncy  in  converting  motive  power  into  current.  The 
actual  dynamometer  reading  for  which  we  are  indebted  to  the 
subcommittee  on  the  measaroments  of  power,  is  given  in  the 
first  column.  On  account  <:>f  differences  of  construction,  and 
differences  in  speed  of  rarming,  the  friction  and  resistance  of  the 
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air  vary  greatly,  being  le^t  with  the  Gramme^  as  might  be  ex- 
pected, since  the  form  of  tho  revolving  armature,  and  the  speed 
of  the  maehino,  conduce  to  thi^  result  This  is,  of  coui^e,  a 
point  gi'eatly  in  favor  of  the  Gramme  machine. 

B      That  portion  of  the  power  expanded  available  for  producing 

'  current  is  given  in  tlie  tliird  columu,  being  the  remainder,  after 
deducting  the  friction,  as  before  mentioned ;  but  this  ix)wer  is 

Knot  in  any  case  fully  utilized  in  the  normal  circuit  This  is 
found  to  be  the  case  by  comparing  calculations  of  the  total 
work  of  the  circuit  in  foot  pounds,  as  given  in  the  appropriate 

fc column,  with  the  amount  expended  in  producing  such  current 

For  instance,  in  the  case  of  AS  the  large  Brush  machine,  the 

available  force  for  pmducing  current  is  89656  t  p.  per  minute, 

of  which  only  53646  reappear  as  liest  in  the  circuit     The  bal- 

>anee  is  most  probabl}^  expended  in  what  we  have  termed  heal  ac- 
tion, that  is,  the  production  of  local  currents  in  the  various  con- 
ducting masses  of  metal  composing  the  machine.  The  amount 
thus  expended  in  local  action  is  given  in  the  column  designated 
**F.  p^  unaccounted  for  in  the  circuit"  A  comparison  of  the 
figures  in  this  column  is  decidedly  in  favor  of  the  Gramme 
machine,  it  requiring  the  smallest  proportion  of  power  expended, 
—^  to  be  lost  in  kM?.al  action.  When,  however,  we  consider  that  the 
^current  produced  by  the  large  Brush  machine  is  nearly  double 
that  produced  by  the  Gramme,  the  disproportion  in  the  local  ac- 
tion is  not  so  great  The  columns  containing  the  percentages 
of  ^' Power  utilized  in  the  arc,''  and  **  Useful  effects  after  de- 
ducting friction,"  need  no  special  comment 

The  determination  which  we  have  made,  as  described  in  the 
foregoing  part  of  this  report,  have  enabled  us  t<>  form  tlie  follow- 
■  ing  opinions  as  to  the  comparative  merits  of  the  machines  sub- 
mitted to  us  for  examination  : 

1.  The  Gramme  machine  is  the  most  economical,  considered 
as  a  means  for  converting  motive  power  into  electrical  cur- 
rent, giving  in  the  arc  a  useful  result  equal  to  thirty-eight  per 
cent,  or  to  forty-one  per  cent  after  deducting  friction  and  the 
reaistanceof  the  air.  In  this  machine  the  loss  of  power  in  friction 
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and  local  action  is  the  least,  the  speed  being  comparatively  low. 
If  the  resistance  of  the  arc  is  kept  normal,  very  little  heating ; 
of  the  machine  results,  and  there  is  an  almost  entire  absence  of  \ 
sparks  at  the  commutator. 

2.  The  large  Brush  machine  comas  next  in  order  of  eflacienc}>  j 
giving  in  the  arc  a  useful  effect  equal  to  thirty -nne  ]>er  cent  ot 
the  total  power  used,  or  thirty-seven  and  one  lialf  per  cent  after 
deducting  friction.    This  machine  is,  indeed,  but  little  inferior ijii 
this  respect  to  the  Gramme,  having,  however,  the  disadvantages  of  J 
high  speed  and  a  greater  proportionate  loss  of  ix)wer  in  friction,! 
etc      This  loss  is  nearly  compensated  bj  the  advantage  this 
machine  possesses  over  the  othem,  of  working  with  a  high  external, 
compared  with  the  Interaal  resistance,  thus  also  insuring  comi'>ara- 
tive  absence  of  heating  in  the  ma(*hine.     This  machine  gave  the 
most  powerful  current,  and  consequently  the  gi'eate^t  light. 

3.  The  small  Brush  machine  stands  thinl  in  efficiency,  giving 
in  the  arc  a  useful  result  equal  to  twenti^-seven  per  cent,  ord 
thirty-one  per  cent  after  deducting  friction.     Although  st^me-' 
w^hat  inferior  to  the  Gramme,  it  is^  nevertheless,  a  machine  admir- 
ably adapted  to  the  production  of  intense  currents,  and  has  the 
advantage  of  being  made  to  furnish  currents  of  widely  varyingd 
electro-motive  force.    By  suitably  connecting  the  machine,  as  be-l 
fore  described,  the  electro-motive  force  may  be  increased  to  otj 
one  hundred  and  twenty  volts.     It  possesses^  moreover,  the  ail- 
vantage  of  division  of  the  conductor  into  two  circuits,  a  featu 
which,    however,    is    also  possessed  by  some  forms  of  other 
machines.     The  simplicity  and  ease  of  repair  ol  the  conmiutatorl 
are  also  advanta^^es.     Again,  this  machine  does  not  heat  greatly.! 

4.  The  Wallace-Farmer  machine  does  not  return  to  the  effect 
ive  circuit  as  large  apropt>rtion  of  power  as  the  other  machine 
although  it  uses,  in  electrical  work,  a  large  amount  of  power  iffl 
a  small  space*    The  cause  of  its  small  economy  is  the  exj>endi-j 
ture  of  a  large  proportion  of  the  power  in  the  production  of  h> 
action.     By  remedying  this  defect,  a  very  admirable  maehio#| 
would  be  produced. 

Within  a  short  time  past  a  new  dynamo  machine,  invente 
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by  Mr.  Hiram  Maxim,  of  this  city,  has  been  brought  out,  and  is 
now  being  intmdiiced  by  the  United  States  Electric  Lighting 

I  Company.  Thid  machine  requires  one  and  a  half  horse  power 
lo  drive  it.  It  weiofhs  three  hundred  poundSj  and  produces  a 
light  of  from  lj2(X}  to  2,000  sperm  c^indles,  aceoniing  to  speed. 
The  magnets  are  similar  in  form  to  those  used  by  Dr.  Siemens, 
of  London,  but  the  armature,  or  revolving  portion^  is  a  new 
design,  which  is  said  to  be  free  from  many  objections  common 
to  other  machines.  The  only  point  where  iinj  considerable 
wear  takes  place  on  these  machine  is  in  the  commutator,  in 
which  a  stationary  copper  brush  takes  the  current  from  the 

■revolving  part. 
In  some  machines  this  portion  has  been  built  into  the  machine, 
so  that  when  it  is  worn  the  whole  machine  wotdd  require  re- 
building in  case  of  repair  Mr.  Maxim  has  constructed  his 
machine  so  that  the  removal  of  a  nut  loosens  the  parts  subject 
to  wear,  so  that  they  may  be  replaced  in  a  few  minutes,  and  at  a 
trifling  cost, 

Mr  Maxim  has  also  produced  a  new  lamp,  which  is  shown  in 
Hthe  aooompanying  figures.    Fig.  231  represents  a  vertical  section, 
^■||*232,  a  perspective  view  of  the  same,  and  fig.  238,  a  detail 
H5^  the  positive  carbon  holder  and  B  the  negative.    The  opera- 
tion of  this  lamp  is  as  follows : 

The  negative  carbon,  which  may  be  six  inches  long,  being 
secured  in  the  lower  holder  B,  the  top  holder  maybe  drawn  up, 
as  the  pinion  that  gears  into  its  rack  is  free  to  turn  in  that 
direction  without  4ri ring  the  train  of  gears.  A  carbon  eleven 
inches  long  may  now  be  inserted  in  the  top  holder,  and  its  point 
brought  in  line  with  the  lower  carbon  by  moving  the  lever  on 
Ihe  back  of  the  carrier. 

The  wires  being  connected  to  the  binding  post  (one  on  each 

lide  of  the  lamp),  the  thumb  nut  G,  being  turned,  wiU  allow 

be  weight  of  the  positive  carrier  to  rotate  the  train  of  gearing, 

ind  by  winding  up  a  cord,  to  draw  the  negative  upward  until 

\iQ  combined  movement  of  both  causes  the  points  of  the  two 

carbons  to  meet.     This  will  establish  an  electrical  contact,  the 
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current  will  at  once  commence  to  pass,  and  the  electro  magnet  in 
tte  bottom  of  the  lamp  will  become  excited  and  dnvw  down- 
ward the  two  armatures,  one  of  which  draws  down  one  end  of 
the  cord  that  supports  the  negative  carbon,  and  the  other  locks 
the  gearing.  The  separation  of  the  carbons  by  this  downward 
movement  of  the  negative  establishes  the  voltaic  arc,  when  tbe 
light  comes  out  in  all  its  splendor.  As  the  carbons  waste  away 
tbe  arc  becomes  longer,  and  the  resist^mce  to  the  passing  curreat 
becomes  greater,  its  power  to  excite  the  electro  magnet  corre- 
spondingly decreasing.  The  armature  E  is  drawn  away  from 
the  magnet  by  a  retractile  spring,  the  tension  of  which  is  ad* 
Justed  by  thujib  screw  D.  When  the  magnetism  is  so  much 
reduced  that  the  pull  of  the  spring  is  gi^sater  than  the  pull  of 
the  magnet,  the  spring  will  force  tbe  armatures  upward  and  re- 
move the  detent  from  the  ratchet  wheel  F,  thus  allowing  llie 
train  of  gears  to  move  so  that  the  carbons  slowly  approach 
each  other,  until  a  point  is  reached  where  the  arc  is  shortened 
sufficiently  to  again  liring  the  magnet  up  to  its  original  strength, 
when  it  will  again  pull  down  the  armature  and  lock  the  gearing. 
A  too  ni^id  movement  of  the  parts  is  prevented  by  a  small  faa^ 
shown  in  fig,  283,  When  the  carbt^ns  are  drawn  apart  to  a  coa- 
siderable  distance  and  then  allowed  to  approach,  this  fan  will 
revolve  with  great  speed,  and  its  wings  will  be  spread  by  eea* 
trifugal  action  to  their  fullest  extent;  but  when  the  carbons 
touch,  and  the  electrical  current  is  established^  its  speed  is  much 
reduced,  as  the  larger  armature  C  is  dmwn  down,  and  it  remains 
in  that  position  while  tbe  circuit  is  complete.  The  armature 
has  an  attachment  which  is  bmught  ^dthin  the  field  of  the  ex* 
tended  wings,  but  it  cannot  reach  them  when  they  are  cloei^ 
The  fan,  when  engaged  by  the  atUichment,  can  revolve  only  a 
qiuater  turn  at  a  time  and  at  a  very  slow  speed- 
When  the  ratchet  F,  on  the  fan  shafts  is  unlocked^  it  can  jt* 
volve  rapidly  only  when  the  current  is  broken,  and  when  it  i» 
rele^ised  to  feed  the  carbons  to  an  already  established  arc,  it  can 
only  turn  at  a  speed  a  little  faster  than  the  actual  consumpti^m 
of  the  carbons,     Should  the  arc  be  broken,  or  the  light  he 
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extinguished,  from  a  high  wind  or  other  cause,  the  large  arma- 
ture C  will  Ije  liberated,  and  by  bringing  the  lower  carbon 
against  the  upper  caj'bon,  it  reeistablishes  the  arc  instantly.  A 
too  rapid  movement  is  prevented  by  a  controlling  chamber  or 
dash  pot  iu  tlie  bottom  of  the  lamp.  Al!  the  comparatively 
Tieavy  work  of  separating  the  carbons  and  reestablishing  the 
current  is  done  by  the  armature  C,  while  the  smaller  armature 
E  has  only  to  lock  and  unlock  the  train  of  geaiing. 

As  the  distance  to  be  travelled  Is  very  slight,  and  the  work  to 
be  done  so  light,  but  very  little  change  in  the  electro-motive 
force  of  the  current  is  required  to  stop  or  start  the  feeding  of 
the  carlx>ns.  The  tension  of  the  spring  that  opposes  the  mag- 
netism can  he  adjusted  from  the  outside  of  the  case  to  balance 
its  pressure  against  a  current  of  any  strength.     Where  gi^eat 

I  nicety  and  steadiness  are  required,  this  lamj)  seems  well  adapted 
lo  meet  all  re€|uirement&  It  is  small  and  compact,  and  appeai-s 
&  very  substantial  and  beautiful  piece  of  mechanism. 
■  Fig.  234  is  a  side  elevation  of  a  less  expensive  kind  of  lamp^ 
pevised  by  the  same  inventor.  In  this  lamp  both  carbon  holdei's 
are  supportcil  by  a  001x1.  As  the  upper  or  positive  holder  de- 
scends it  draws  the  cord  over  a  pulle}"  and  raises  tlie  negative  just 
one  half  the  distance  travelled  by  the  positive.  Wlien  the  wires 
are  properly  connected  and  the  carbons  are  in  position,  the  top 
holder  may  be  allowed  to  run  down  until  the  two  carbons  meet 
^Jliis  establishes  the  circuit  and  exciter  the  axial  magnet  in  the 
^Bottom  of  the  case^  when  the  core  is  drawn  into  the  helix,  and 
the  two  carbons,  through  the  medium  of  levers,  are  drawn  apart 
until  the  magnetism  and  tension  of  the  spring  balance  each 
other;  and  as  the  carbon  is  buraed  away  the  arc  is  lengthened, 
the  magnetism  reduced,  when  the  core  is  dmwn  out  of  the  spool, 
thus  feeding  the  carbons  together  as  they  are  consumed  until  the 
parts  have  i*eaf:hed  a  position  where  the  ratchet  on  the  lower 
lever  is  beyond  the  reach  of  the  pawl ;  then  the  core  descends  and 
the  ratchet  i-evolveSi  when  the  carbons  take  a  new  position,  and 
the  feeding  goes  on  as  before.  The  ratchet  wheel  is  prevented 
from  tui*ning  more  than  one  tooth  at  a  time  by  a  spring  at  the 
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end  of  tte  lower  lever.  The  pull  of  the  iTick  is  opposed  to 
spring,  and  when  the  poll  is  reduced  by  the  disengagement  oft 
ratchet  tooth  the  lever,  and  with  it  the  ratchet,  are  forced  down* 
ward,  and  the  succeeding  tooth  is  caught  on  the  pawh  The  core 
on  which  the  magnetism  operates  is  connected  with  the  rack  hj 


Fig.  234, 


compound  levers,  so  that  by  changing  the  position  of  the  con- 
necting link  the  leverage  can  be  readily  adjust^ 

Adjustments  may  also  be  made  with  the  thumb  nut  on  tJie 
top  of  the  case,  which  is  attached  to  a  retractile  spring.  While 
this  lamp  is  not  so  susceptible  of  a  very  fine  adjustment^  still,  J 
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|fome  purposes,  it  is  better  than  the  more  expensive  one  just  de- 
scribed. In  places  where  the  speed  of  the  dynanio  nuichine 
varies  much,  or  where  the  machine  is  of  poor  quality » it  is  better 
than  the  regular  clock  work  lamp* 

A  new  lampj  which  is  quite  diflferent  from  anything  before 
made,  is  shown  in  %,  235,  This  himp  is  in  two  pails^  connected 
by  vertical  tubea  The  upper  portion  has  a  device  for  feeding 
the  carbons,  and  the  lower  portion  ctintiiins  a  device  for  separa- 
ting thenL  The  focus  or  source  of  light  is  always  at  the  same 
place,  as  the  two  carbons  feed  exactly  in  proportion  to  the  ra- 
pidity with  which  they  are  consumed.  This  lamp  will  accom- 
modate itself  to  widely  vaiy'ing  currents.  Should  a  slackening 
of  the  speed  allow  the  carbons  to  come  completely  together,  they 
would  at  once  draw  apart  on  the  increase  of  speed,  and  they  will 
do  this  any  number  of  times  in  succession  ;  or  the  current  may 
be  broken  and  established  any  number  of  times  without  dis- 
arrangement of  the  {)arts.  This  feeding  has  positive  movement, 
and  is  so  nicely  balanced  that  a  very  slight  change  in  the  length 
of  the  arc  allows  the  carbons  to  feed,  and  should  the  current  be 
bmken,  the  lower  carbon,  by  a  very  rapid  movement,  reestablishes 
it  before  the  heat  of  the  carbons  is  pereeptibh^  diminished,  and 
I  before  the  miignetism  of  the  machine  is  discharged, 
^fe  The  light  from  the  naked  carbon  points  is  dazzling  to  the 
^fcyes,  and  casts  very  distinct  shadowa  The  light  is  of  wonder- 
^Kul  intensity.  To  diffuse  the  light  without  reducing  it  very 
much,  and  to  make  the  small  point  appear  as  large  as  possible, 
have  been  the  aim  of  the  inventor  in  constructing  this  liunp. 
Above  the  focus  is  a  silvered  reflector,  of  suitable  shape  to  throw 
the  beams  that  would  be  wasted  above  in  a  horizontal  or  down- 
ward direction^  and  from  this  reflector  two  rows  of  prisms  are 
suspended  One  half  of  the  prisms  are  arranged  with  their  flat 
side  to  the  light,  and  the  other  half  have  their  angular  side 
toward  the  light  Below  the  focus  is  a  bowl  shaped  glnss, 
ha\dng  a  zone  ground  just  wide  enough  to  be  always  between 
the  eye  of  a  near  observer  and  the  luminous  arc.  The  point 
from  which  the  light  is  emitted  appears  from  a  distance  diamoiy' 
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shaped  and  quite  large,  Tbus  modified,  the  light  can  be  looked 
at  with  perfect  ease,  while  its  brilliancy  dcx?s  not  seem  to  be  at 
all  impaired,  the  ground  glass  portion  of  the  globe  only  being 
1>etween  the  eye  and  the  luminous  point  The  prisms  and  glasg 
bowl  enclose  the  light  and  protect  it  from  the  wind  The  Iwwl 
is  suspended  Iw  two  cords  that  pass  over  pulleys  and  are  at- 
tached to  the  reflector  By  pulling  the  bowl  downward  the  re- 
lector  is  raised  up,  thus  opening  a  space  through  which  the 
rbona  may  be  viewed,  A  pair  of  carbons  f  x  f  inch  in  these 
lamps  last  about  three  hours,  and  afford  a  very  steady  light 
Carbons  ^  x  1^  inch  last  about  ten  hours. 

Electric  light  may  be  utilised  in  two  ways — either  by  power- 
ful foci  illuminating  at  great  distances^  or  by  less  intense  foci, 
giving  a  mom  diffused  light,  suitable  for  all  kinds  of  night  work ; 
us  including  lighthouse  service,  fortifications,  maritime  service, 
res,  annies  m  action;  and  for  manufactories,  show  rooms, 
=;n  air  use,  large  workshops,  railroad  depots  and  yards^ 
hai'f  work,  steamboats,  mines,  theatres,  large  halls,  reading 
rooms,  streets,  squares,  and  many  other  jilacea  For  these  pur- 
poses electric  hght  is  superior  to  all  otliers  and  much  cheaper. 
Mechanical  workshops  have  been  among  the  first  to  make  use 
of  the  electric  light,  also  dyers  and  sugar  reilners,  who  neetl 
a  very  pure  and  white  light,  and  spinning  mills  and  foundries 
have  adopted  it 

In  the  matter  of  street  illuminating  by  electricity,  Paris  has 
recently  taken  the  lead  of  the  world,  though  the  example  is  now 
being  followed  in  other  cities,  and   notably  in  St  Petersburg, 
adrid  and  Bnisselt^      The  gre^t  development  of  the   Paris 
era,  however,  gives  it  a  degree  of  importance  that  has  not  yet 
been  equjilled  elsewhere;  and  the  following  remarks  by  Mr,  F. 
Ll  Pope,  who  has  investigated  tlie  system  during  the  past  sum- 
mer, will,  therefore,  not  be  without  interest : 
There  are  at  the  present  time  some  three  hundred  electric 
ps  nightly  in  successful  operation,  illuminating  the  boule- 
gardens  and  public  buildings  of  Paris,  and  arrangements 
lighting  all  the  principal  boulevards  and  places  are  now  in 
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The  magneto-electric  apparatus  employed  is  a  Gramme  ma- 
chine, arranged  for  producing  alternating  currents,  the  field  of 
force  being  fed  by  a  smaller  machine  of  the  continuoua  curreal 
variety.  The  candle  employed  is  the  double  carbon  construction 
of  Jablochkoff.  Owing  to  the  peculiar  arrangement  of  this  alter 
nating  niachinCj  it  is  possible  to  di\^de  the  current  so  as  to  fui^ 
nish  sufficient  electricity  to  sixteen,  or  more,  separate  candles 
That  this  system,  in  a  scientific  and  practical  point  of  view,  is 
literally  a  brilliant  success  is  sufficiently  evident  to  any  ono 
who  has  carefully  watched  its  operation,  night  after  nighty  in 
the  streets  and  public  places  of  Paris,  The  quality  of  the 
light  is  pure,  soft  and  white,  the  general  effect  being  not  un- 
like that  of  an  unusually  powerful  moonlight,  but  differs  from 
the  latter  in  the  absence  of  the  heavy,  black  shadowa  These 
are  avoide<1*  partly  by  placing  the  candles  within  globes  of  opal 
glass,  and  partly  by  placing  the  lamps  at  a  considerable  eleva- 
tion above  the  ground,  perhaps  twenty  feet  or  more.  The  gas- 
lights in  thevicinitj^of  the  Place  de  FOpera  present  an  unusnaV- 
red,  smoky  and  flickering  appearance  in  contrast  with  the  *'-  - 
lute  clearness  and  steadiness  of  the  electric  light  That  the 
system  is  e«|uaily  successful  in  an  economical  point  of  view,  in 
some  of  its  applications  at  least,  would  seem  to  admit  of  very 
little  doubt  It  is  possibly  premature  to  assert  that  it  is  destined 
speedily  to  supersede  the  employment  of  gas  for  all  purposes  of 
public  and  general  illumination  on  a  large  scale,  yet  it  must  be 
said  that  such  a  result  seems  exceedingly  probabla 

Tlie  construction  of  the  alternating  current  magneto  machioe 
will  be  understood  by  reference  to  figs,  230  and  237,  the  former 
being  a  longitudinal  vertical  section  taken  in  the  plane  of  the 
dotted  line  A  B  C,  in  fig.  237  and  the  latter  an  end  elevation 
(partly  in  section)  of  the  same.  An  exterior  induction  ring 
or  armature  of  soft  iron  is  securely  bolted  to  the  frame  of  the 
machine^  and  is  wound  with  insulated  copper  wire  in  eight  sec- 
tions, each  of  which  consists  of  four  coils  or  subsections,  ah  cd 
(see  fig,  237).  By  reference  to  the  figure  it  will  be  seen  that  the 
wire,  although  continuous,  is  wound  in  the  reverse  direction 
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upon  each  alternate  one  of  the  eight  gections.     The  indudngl 
magnet  T  revolves  wiihin  the  induction  ring,  and  consists  of 
eight  soft  iron  cores^  K  K^  etc.,  projecting  radially  fmm  a  ceiitralj 
hub,  n,  which  is  fixed  upon  a  horizontal  axis,  F,  revolviDginj 
bearing,  and  provided  with  a  pulley,  which  receives  its  motion  I 


Fig,  237. 

from  a  belt  driven  by  steam  or  other  power.  Like  the  aoctiolj 
of  the  external  ring^  these  radial  cores  are  alternately  wound  vni 
right  and  left  handed  coils.  The  outer  poles  of  the  eore^  afl 
fitted  with  enlarged  projecting  pole  pieces,  as  seen  in  fig*  287, 
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to  iocrease  the  effective  area  of  tbe  magiietio  field,  by 
"means  of  which  the  electric  currents  are  geuerateA  The  revolv- 
ing compound  radial  magnet,  when  the  machine  is  in  operation, 
is  magnetized  ti^  saturation  by  the  current  from  ii  small  continu- 
ous current  Gramme  mar-hine  of  the  ordinary  well  known  type, 
which  is  driven  from  the  same  motor.  The  same  result  might, 
of  course,  be  produced  l>y  the  action  of  a  volUiic  battery  of  suf- 
ficient powen  This  inducing  current  is  conducted  to  the  revolv- 
ing magnet  by  mexins  of  brushes  of  silver  plated  copper  wire,  P, 
pressing  upon  insulated  rings  of  copper  upon  the  shaft  to  which 
the  terminals  of  the  magnet  coils  are  connected.  It  will  be  ob- 
sensed  that  by  this  arrangement  the  pole  changing  commutator, 
which  is  the  most  fruitful  source  of  electrical  and  mechanical 
difficulty  in  the  ordinary  magneto  machines,  is  entirely  done 
away  with»  and  t<j  this  feature  no  doubt  the  practical  success  of 
this  macliine  is  very  largely  due. 

I  It  has  been  stated  that  the  eight  sections  of  the  soft  iron 
armature  are  each  provided  with  four  coils  or  subsections,  a  b  c 
dy  all  wound  in  the  same  direction.  The  object  of  this  arrange - 
I  ment  is  to  enable  a  division  of  the  current  to  be  effected  by 
conne<^ting  the  coils  in  various  ways,  the  ends  of  the  latter  being 
brought  to  terminals  or  binding  screws  on  the  outside  of  the 
machincv  By  properly  connecting  these  terminals,  the  current 
produced  l>y  the  machine  may  be  divided  into  four,  eight,  six- 
teen or  thirty-two  circuits,  as  desired.  For  example,  if  it  is 
required  to  obtain  four  currents  fur  four  different  lamps,  it  is 
only  necessary  to  connect  in  one  series  all  tlie  coils  marked  a,  for 
the  first  circuit;  all  marked  i,  for  the  second  circuit,  and  so  of 
the  other  two. 

I  The  principle  of  operation  of  the  machine  is,  of  course^  suffi- 
ciently obvious.  When  the  shaft,  with  it^  nuliat  magnet,  is  made 
to  revolve,  powerful  altematirjg  cun'cnts  are  induced  in  the  coils 
tsurrounding  the  soft  iron  ring  or  armature,  the  electro-motive 
liorce  of  which  depends  upon  the  intensity'  of  the  magnetism  in 
fthe  revolving  magnet  and  upon  the  rapidit}'  ol  its  revolutions. 
There  are  at  present  three  sizes  of  this  machine  made,  of 
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which  the  one  shown  in  the  illustration  is  the  largesl    The 
weight,  capacity,  and  other  particulars  of  these  are  shown  in  theJ 


foUowing  table : 


PAJnriCtTLAJlS   OF    MxCHIlfE. 


Size  or  IfAoeunL 


Motive  power  required  (Uoree  power) 

Revolutions  per  tniniito 

Weight  of  machine?  (kilogrammes) 

*'         *'     copper  wire  (kilog^ratDmes) ,    . , , . , 

Number  of  JablcxilikoJl  candle^!  operated . .,. - 

Cost  of  macbine^  including  small  contiiiuoiii  current  machine 

(iranca) 


16 

COO 
G50 
103 

le 

10,000 


6 

700 

280 

40 

e 

&,000 


soo 

190 

4 

3,500 


Tl]e  dimensions  of  the  machine  shown  in  the  figures  are  as 
follows:  Length,  including  shaft  and  pullev,  thirty-five  inches^ 
width  thirty  inches^  and  height  nearly  the  same.  The  extreme 
f*ize  of  the  base  j)late  is  twenty-eight  inches  by  thirty,  and  as  the 
drawings  are  made  to  scale,  the  dimensions  of  any  of  the  other 
parts  of  the  machine  may  be  estimated  without  difficulty. 

It  will  l>e  seen  that  the  power  required  is  one  horse  power  for 
each  electric  candle,  each  candle  being  calculatetl  to  be  equal  to 
one  hundred  ordinary  gas  burnera  I  was  informed  that  the  re- 1 
suits  of  the  operation  for  one  year,  at  the  Magazin  du  Louvne, 
showed  that  this  estimate  is  very  nearly  correct.  Several  htin^ 
dpctls  of  these  machines  have  been  at  work  in  Paris  durLng  the 
past  year,  and  so  far  as  my  inquiries  extended,  I  could  not  leant 
that  any  of  them  had  retpjired  repaii-s  or  had  involved  any 
expense  whatever,  except  that  of  lubrication. 

I  was  informed  that  M.  Gramme  wjis  at  work  on  another  aadJ 
still  smaller  machine,  intendc*^!  to  §u{>ply  two  candles  only,  which  I 
is  quite  diilerent  in  construction  from  those  wliich  have  just  been ' 
described,  and  from  which  he  expects  to  reahze  a  material  saving 
in  the  relative  expense  both  r>f  first  cost  and  power  consumed  in 
running.     There  is  also  a  Gramme  macliiiie  shown  in  the  Expo- 
sition which  weighs  four  hundred  and  forty-one  pounds,  and  iai 
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>  produce  a  light  equal  to  thirty  thoTisand  cantlles,  the  cost 
nf  which  is  only  about  1.500  fi-ancs.  For  practical  purposes, 
however,  this  model  is  not  considered  a  good  one^  as  it  is  much 
more  liable  to  get  out  of  order  than  the  standard  pattern. 

The  electric  candle  of  M.  Paul  Jaliloclikoff,  which  is  so  ex- 
tensively employed  in  electric  lighting  in  Paris,  in  cunnection 
with  the  magneto-elet'tric  apparatus  of  M.  Gramme,  is  a  very 
simple  device;  so  simple,  indee<l,  that»  as  is  frequently  the  case 
with  the  most  important  and  most  original  inventions^  the  first 
Dnsation  upon  seeing  it  is  one  of  wonder  that  nobody  ever 
thtjught  of  it  before. 

The  invention  consists  simply  in  placing  two  carbon  pencils 
side  by  side,  and  insulating  them  from  each  other  by  means  of  a 
thin  plate  of  some  refractory  material  inserted  between  them, 
which  is  a  non-conductor  at  ordinary  temperature,  but  which 
becomes  a  conductor  when  fused  by  the  action  of  a  powerful 
current  The  most  suitable  material  yet  discovered  for  this  pur- 
pose is  plai^ter  of  pans,  which  is  used  ill  all  the  caiidle-s  now  in 
operation*  One  of  the  results  i.^f  the  use  of  this  material  is  to 
impart  to  the  light  a  faint  tinge  of  rose  color,  which  is  by  no 
means  unpleasant  to  the  eye. 

Referring  to  the  illustrations,  a  description  of  the  caudles  and 
the  method  of  using  them,  as  employed  in  Paris,  will  now  be 
given.  Fig,  2S8  is  a  representation,  half  in  elevation  and  half 
in  section,  of  one  of  the  lanterns  in  the  Avenue  de  TOpera.  Each 
lantern  contains  four  candles,  which  are  brought  into  operation 
Buecessively,  only  one  candle  burning  at  a  time.  This  is  neces- 
ary  in  order  to  keep  up  the  light  for  the  required  length  of  time 
leach  nighty  u  single  caudle  as  now  made  lasting  only  one  and  a 
Ihalf  hours.  Fig,  2E9  is  an  enlarged  sectional  view,  showing  the 
lies  and  devices  for  holding  them  in  position.  These  am 
mted  u]>on  a  circular  ba^se  of  white  onyx,  A,  which  servos  not 
only  to  support  the  parts,  but  to  insulate  them  from  e^ich  other. 
The  four  candles  are  placed  in  a  eurresponding  number  of  clips 
or  candle-holders,  arranged  in  the  fonn  of  a  cross.  The  can*iles 
are  surrounded  by  a  globe  of  white  opal  glass,  sixteen  inches  in 
diameter. 
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The  candle  itself  is  shown  on  a  small  scale  in  fig,  239.  The 
two  cylindrical  pencils  of  compressed  cai*hoa,  c  c,  are  each  two 
hundred  and  twenty  five  mm.  (8*8  inches)  in  length  and  four 
mm,  ^0.157  ineiies)  in  diameter.  The  distance  apart  is  three  mm. 
(0,118  inches).  Fig.  240  shows  the  tip  of  a  candle  of  its  natural 
size,  in  e]e%' ation  and  in  section.  The  candle  holder  or  clip  a^n- 
sistii  of  two  jaws,  B  B^  (fig.  239),  one  of  which,  B,  is  fixed,  and 
the  other,  B^  is  movable.  The  opposite  faces  of  these  jaws  are 
provided  with  vertiwtl  gro<3ves  of  semicircidar  form,  for  grasping 
the  candlt^    The  four  fixed  jaws,  B,  in  each  lantern  are  mounted 


/Vy.  240. 

upon  a  common  metallic  base  plate,  A',  to  which  the  poaitiva 
pole  of  the  circuit  is  connected  by  means  of  a  binding  screw,  (t1 
Each  movaljlu  jaw,  B^,  is  jointed  by  means  of  a  link,  6,  to  ttj 
block,  A^,  which  is  provided  with  a  binding  screw,  a*,  to  wMc 
the  negative  conductor  is  attached.     A  spring,  I>,  presses  th^ 
movable  jaw  B^  agahist  the  candle  C,   and  holds  it  firmly  in 
position.     A  small  nu-tiillic  plate  is  attached  to  the  lower  end  ' 
each  carbon  pencil  on  opposite  sides  of  the  candle,  in  order  \ 
form  a  proper  electrical  connection  with  the  holder.     By  this 
simple  and  effective  arrangement  the  burned  out  candles  may  I  ' 


AKRAXGEMENT  OF  CIRCUIT  FOR  8TREKT  UGHTING.       491 


cur 


replaced  by  new  ones  almost  in  a  moment  There  are,  of  course, 
four  of  tliese  movable  jaws  in  each  lantern,  each  having  its  sepa- 
rate binding  screw. 

The  arrangement  of  the  electric  circuit'^  is  as  follows :  Refer- 
ingto  fig,  287,  it  was  stated  that  four  distinct  eun-ents  might  be 
derived  from  the  altemuting  magneki  machine.     Each  of  these 
cuiTcnts  is  capable  of  supplying  four  candles  at  a  time,  when 
placed  in  series  in  the  circuity  lor  the  reason  that,  at  the  high  tem- 
erature  produced  by  the  action  of  the  light,  pla^ster  of  pans 
iisfis  and  becomes  a  tolerably  gocxl  conductor  of  electricity.     A 
conductor  leiids  from  th*.*  ]iositive  terminal  of  the  machine  to  an 

Ijordinary  lever  switch,  placed  in  the  base  of  the  lamp  post,  and 
»ccessible  by  a  small  door.  This  switeh  turns  on  to  five  p>ints, 
four  of  which  are  connected  resfjectively  with  the  four  movable 
jaws  B^,  of  the  candle  holders,  while  the  fifth  connects  with  the 
tetum  wire  leading  from  the  central  binding  screw  a.  This 
switch  thus  serves  to  direct  the  current  to  any  one  of  the  four 
candles,  or,  if  necessary,  to  cut  out  the  whole  arrangement  Tlie 
return  wire  from  tlie  binding  screw  a  leads  to  the  next  lamp 
post  and  from  that  in  a  similar  manner  to  the  next,  and  so  on 
through  tlie  four,  after  which  it  returns  to  the  negative  terminal 
^-of  the  machine.  Tliree  other  circuits  from  the  machine  are 
^mrranged  in  the  same  way,  so  that  when  in  operation  there  are 
four  distinct  circuits,  with  four  light^s  in  each  circuit,  or  sixteen 

I  lights  in  all. 
I    Fig.  241  will  serve  to  give  an  idea  of  the  general  aiTangement 
pi  the  appamtus.    The  alternate  current  magneto  macliine,  which 
supplies  tiie  current  for  operating  the  lamps,  is  seen  at  the  lower 
right  hand  comer  of  the  figure,  to  the  left  of  which  is  the  con* 
tinuous  current  machine  which  supplies  the  field  of  force.     The 
Innngement  of  the  switch  in  connection  with  the  circuits  leading 
the  four  candles  will  be  readily  understood  fmm  the  figure. 
The  conductors  used  are  constructed  of  a  strand  of  seven  No. 
18  B.  W.  G,  wires,  of  tinned  copper,  twisted  together,  and  have- 
resistance  of  about  one  ohm  to  one  thousand  four  hundred 
leet     These  cunducturs    are  insulated  with  strips  of    India 


\ 


4» 


THK   ELKCrrRKJ   LIGHT. 


rubber,  several  thicknesses  of  which  are  wound  on  spirally  and 
united  by  iiidia  robber  cement     These  are  placed  imdergt" 
in  tubes  similar  to  the  vitrified  drain  tile  used  in  this  co'i 
Some  arrangement  of  insulators  (which  was  not  seen)  is  am* 
ployed  to  keep  the  wires  from  touching  the  interior  of  the  pipea 


Fig.  241. 

It  .should  have  been  mentioned  in  its  proper  place,  that  ea 
candle  is  provided  with  a  conducting  tij)»  as  shown  at  Cj  iu 
240,  consisting  of  a  piece  of  powdered  plumbago  and  gum^  ^ 
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pressed  into  a  little  cylinder  about  as  large  aa  a  No,  18  wire, 
and  attaclied  to  the  candle  by  a  strip  of  asbestos.  The  object 
of  this  is  to  complete  the  circuit  when  the  machine  starts,  and 
maintain  it*  until  the  fusion  of  the  plaster  of  paris  commences, 
when  the  latter  becomes  sufficiently  conducting,  as  before 
mentioned. 

The  number  of  lamps  now  in  operation  in  the  Place  de  TOpera 
and  the  avenue  of  the  same  name  is  forty-six ;  but  as  the  two 
lamps  directly  in  front  of  the  opera  house  are  arranged  to  biU'n 
two  candles  at  a  time,  in  order  to  increase  the  brilliancy  of  the 
illumination,  it  will  be  seen  that  forty-eight  candles  are  in  opera- 
tion at  once.  The  average  dl«?t^noe  apart  of  t!ie  lamps  on  each  side 
of  the  avenue  is  about  one  hundred  and  fifteen  feet  These  forty* 
eight  candles  are  fed  by  three  separate  macbines  of  the  kind 
winch  has  been  described.  The  greatest  tlii^tance  to  which  the 
current  of  any  one  machine  is  transmitted  is  said  to  be  two 
hundred  metres  (about  six  hundi'ed  and  fifty  feet).  At  first  it 
was  necessary  to  employ  a  man  to  go  round  to  the  different 
lamp  posts  at  intervals  of  an  hour  and  a  half,  and  switch  the 
current  to  a  fresh  candle  as  the  old  one  burned  out ;  but  an  auto- 
tic  apparatus  hiis  been  invented  for  doing  this,  wbich  is  now 
ing  applied,  and  which  will  be  understood  by  reference  to 
fig.  242.  A  and  Aj  are  two  candle  holders,  in  which  are  placed 
the  candles  C  C^,  An  upright  angular  lever,  L,  h  pivoted  to  a 
standard,  l^,  upon  the  base.  A  spring,  *,  presses  against  this  and 
tends  to  throw  it  into  siicb  a  position  as  to  bring  the  short  arm  / 
of  the  lever  into  conttict  with  the  metallic  block  ?;?,  but  this 
movement  is  prevented  by  a  platinum  wire,  w^  which  is  attached 
to  the  top  of  the  lever  L,  and  rests  against  the  insulating  portion 
of  the  candle  C|  at  a  point  near  its  socket  This  arrangement 
forms  an  automatic  shunt,  for  when  the  candle  C  is  burned 
down  far  enough  to  release  the  wire  w,  tlie  spring  s  throws  the 
lever  L  over,  making  contact  between  /  and  m,  and  thus  bring- 
ing the  candle  C^  into  circuit  This  is  in  like  manner  arranged 
to  bring  the  thini  candle  into  circuit  at  the  proper  time,  and 
on.  The  substitution  of  one  candle  for  another  produces 
rcely  any  visible  interruption  of  the  illumination. 


cur 
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A  few  words  in  reference  to  the  cost  of  illumination  by  th 
system  may  be  of  interest  by  way  of  conclusion.  The  items 
expenditure,  other  than  that  of  interest  on  first  cost,  are  alnio&t 
entirely  for  motive  power^  candles  and  attendance.  The  cost  of 
Jablochkoff  candles  is  given  as  about  fifteen  centa  eacL  Mr 
Stay  ton,  who  examinetl  the  apparatus  and  system  in  Paris,  lu 
behalf  of  the  vestry  of  Chelsea,  a  parish  of  London,  gives  the 
total  running  expense  of  thirty-two  candles  as  sixteen  shilling^^ 
(nearly  four  dollars)  per  houi\    His  estimate  includes  wages,  coal, 


i^i7.  242. 

oil.  waste,  etc.,  as  well  as  electric  candles.    This  would  make  th 
expense  per  hght  per  hour  about  twelve  cents. 

The  system  now  in  operation  in  the  Place^  and  Avenue 
rOpera  was  put  up  under  a  conti-act  with  the  director  of  publij 
works  in  Paris,  by  the  G^encral  Electricity  Company,  which  unde 
took  to  provide  all  the  apparatus,  and  light  the  lamps  for  a  Xer 
of  six  months,  covering  the  period  of  the  Exj>osition^  for  end 
franc  and  forty -five  centimes  (twenty-nine  cents)  per  light  jier 
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hour.     The  amount  of  light  produced  by  each  electric  candle  is 
variously   stated    from   five   hundred  to   s(^%'eii   liundred  wax 
cantlles. 
H     The  principal  difficultios  hi  the  way  of  the  geneTal  adoption 
of  this  light  for  street  purprises,  iiside  from  the  original  outlay, 
which  is  a  pretty  serious  item,  is  the  amount  of  power  required 
for  each  lamp,  and  the  difficulty  of  conveying  the  current  to  any 
considerable  distance  from  the  machine  withtmt   seriously  re- 
ducing its  strengtlu    These  are  really  the  stmie  dilliculties  in  two 
•different  forma.    At  present,  however^  it  certainly  seems  admira- 
^Bte  adupted  for  lighting  large  squares,  places  and  public  huild- 
^H^^  and  it  does  not  seem  unreasonable  t  >  expect  that  it  will  ere 
long  be  utilized  for  other  purposes,  when  we  consider  what  a 
number  of  inventors,  some  of  them  ol  exceptional  ability,  are 
^now  at  work  upon  the  problem. 

^     Another  machine  for  use  iu  electric  lighting,  and  somewhat 
resembling  the  Bmsh  machine  in   construction,  has  Just  been 

I  brought  out  in  France^  and  is  highly  spoken  of  there.  One  of 
flaese  machines,  with  eight  magnets  only  (of  the  same  dimen- 
pions  as  those  in  the  Alliance  machines^,  will,  it  is  said,  illumin- 
ate from  three  to  four  of  the  Jubhx^hkofT  candles  with  an  expen- 
diture of  but  little  over  one  hni-se  p<iwcr  for  driving  purpwDses. 
This  is  considerably  better  than  the  Gramme.  It  gives  reversed 
currents  and  experienc€*s  scarcely  any  heating.  Its  dimensions, 
besides,  are  very  small,  and  the  elemeutnry  parts  simple  in  con- 
^fctruction  aB4  easy  of  adjustment.  A  description  of  this  machine, 
for  ^vhich  we  are  indebted  to  the  Telegraphic  Journal^  is  given 
below : 
^L  The  enhanced  effect  of  this  class  of  machines  is  due  to  the 
fact  that  to  the  induction  currents  pnxluced  iu  the  coil  *j£  the 
jGmmme  machines  are  added  those  produced  in  ordinary  luag* 
Haietjo  electric  machines. 

In  order  t<i  undei^stand  this,  let  us  imagme  a  Gramme  ring, 
fig.  243,  divided,  for  example,  inta  four  sections,  insulated 
m£^etically  the  one  from  the  other,  and  fonjiing,  consequently, 
four  electro-magnets,  placed  end  to  end.     Let  us  supjx>se  that 
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the  iron  core  of  each  of  these  sections  is  terminat-e<l  at  each  end 
by  a  piece  of  iron,  A  B,  forming  expanded  prolongations  of  the 
jK>les;  and  lot  us  »iipjx>stj  idl  these  pieces  to  he  juinetl  by  pieces 
of  copper,  C  D,  to  form  one  solid  ring,  around  which  are  placed 
permanent  magnets,  N  S^  witb  pole?  alternating  with  each  otherJ 
Let  us  examine  what  will  take  place  when  this  ring  accom^ 
plishes  a  revolution  upon  itself ;  and  let  us  see,  in  the  first  pla 
%vhMt  will  happen  on  the  apptx^ximation  of  the  expanded  jiole 
as  it  travels  from  left  to  right,  to  the  pole  N.  At  this  momeni 
it  will  develop  in  the  electro-magnetic  helix  an  induced  current 


%.  245. 


as  in  the  Clark  machine.     This  current  will  be  instantaneouii^ 
and  in  a  contrary  direction  to  the  Amperian  currents  in  lh<?j 
inducing  magnet     It  will  be  veiy  powerful,  by  r*?ason  of 
pn3ximity  of  B  to  the  pole  N :  but  the  ring,  in  passing  on,  cani 
a  series  of  magnetic  displacements  lietween  the  iK>le  N  and  thai 
core  A  B,  which  give  rise  to  a  series  of  currents,  which  may  hej 
called  currents  of  polar  introversion,  from  B  to  A.     The«e  cur* 
rents  will  be  direct  in  relation  to  those  in  N,  but  they  are  iioi  j 
instantaneous,  and  they  increase  in  energy  from  B  to  A* 
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To  these  currents  will  be  joined  siimiltancously  th«.i  ctin*«nt« 
^(of  dvaamie  induction)  resulting  kom  tin.*  pu88iige  of  i]w  Ik^Hx 

fore  tbe  pole  N,  Whan  A  leaves  N  a  denrmgnolizjition  cur- 
'rent  is  produced,  equal  in  energ)^,  nod  in  tlie  same  direction,  m 
the  magnetization  curreut  due  tx>  the  approximation  of  H  to  N", 
Thus  we  get  reverse  induce<l  currents  through  the  approach  and 
recession  of  B  and  A  ;  diix'ct  indneed  currents  during'  the 
passage  of  the  core  A  B  l>eforc  the  inductor;  direct  induced 
currents  resulting  from  the  passage  of  the  helix  in  front  of  N. 
AJl  these  inductive  effecti^  arc  thus  accumulated  in  this  conihina* 
tioB  ;  there  are  also  ciirrents  resulting  from  lateral  reaction  of 
A  B  upon  neighboring  [>ole9i 

To  still  further  augment  the  effecte  of  indnction,  M.  de 
M^ritens,  the  inventor,  makes  the  core  and  appcndage*i  of  thin 
plates  of  iron,  cut  out  and  placed  together,  to  the  nnmljer  of 
fifty,  each  one  millimetre  thick.     The  coils  are  no  armnged  that 

ey  can  be  connected  in  seriitg  or  for  quantity- 

In  tig.  24^  we  have  crjnsidered  only  four  ^ectionSp  but  there 
are,  in  fact,  more  tbao  this ;  the  model  to  which  we  Imvc  referred 
posse^ssing  sixteea,  which  are  mounted  on  a  bronze  wheels 
centred  on  the  motor  shaft  The  inductor  raagnctji  are  phic<5d 
above  the  wheel  and  stfoogly  fixcl  horizontally  to  two  bronjoe 
frames. 

A  little  cotisictenilioii  will  shcfw  Uiat  the  ring  k  eonstracled 
under  the  besi  pooeibla  oonditioiu  f  ii  fact,  an  e«eh  Mdioa  k 
separate,  it  may  be  dimoitnted  «iiigly«  and  oomieqiiciitly,  the 
wire  can  be  wound  on  willioQl  diiEcalty.  Tbom  who  know  tbe 
difficulty  cf  winding  a  Oramme  rin^  will  mdily  ap|>reciate  Ihk 
advantage  On  tbB  other  band,  Ae  com  being  compomi  at 
pities  which  can  be  u  onoe  romoired  by  fdeaiiiq;  iht  key  pmm 
i»  «i  enoRDoos  ndvmiagev  far  H  obrutai  the  pradijoD  neoMHiy 
to  the  coostnictioQ  of  ^olid  rin^it  whkh  am  alwayv  diBkwH 
to  keep  perfeedy  tra&  I^dd jr«  there  k  a^slher  commmtmnt  nor 
eolledor,  ind,  eopneqwuUyt  no  hm  ol  etamm. 

We  I^re  wd  thai  ihii  nmcbine  eu  feed  thr«e  (vr  lour 

ibhidikoff  euM&fli  app&ed  to  m  dacuic  ligbl  ffgaliMr| 
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it  has  also  been  found  competent  to  illuminate  regulators,  even 
when  the  carbons  were  separated  by  a  distanoe  of  three  and 
a  half  centimStres,  It  is  cerUtin  that  these  results  are  yery 
important,  and  we  may  safely  argue  a  future  for  this  machine. 

As  is  well  known^  when  an  electrical  current,  which  flowft 
through  a  conductor  of  considerable  length,  is  suddenly  broketi^ 
a  bright  flash,  called  the  extra  sparky  appeai-s  at  the  point  of 
separation.  The  extra  spark  will  appear,  although  the  current 
is  not  sufficient  to  sustain  an  arc  of  any  appreciable  length  hi 
the  point  of  separation. 

In  the  system  proposed  by  Professors  Thomson  and  Houston, 
one  or  both  of  the  electrodes,  which  may  be  the  ordinary  carbon 
electrodes,  are  caused  to  vibrate  to  and  from  each  other,  Tlie 
electrodes  are  placed  at  such  a  distance  apait  that  in  their  motion 
towards  each  other  they  touch,  and  afterwards  recede  a  distance? 
apart  which  can  be  regulated.  These  motions  or  vibrations  are 
made  to  follow  one  another  at  such  a  mte,  that  the  effect  of  lie 
light  produced  is  continuous;  for,  as  is  well  known^  when 
flashes  of  light  follow  one  another  at  a  rate  greater  than  twenty* 
five  to  thirty  per  second,  the  ellect  pro<Iuced  is  that  of  a  cou 
tinuous  light  The  vibratory  motions  may  be  communicated  to 
the  electrodes  by  any  suitable  device,  such,  for  example,  as 
mechanism  operated  by  a  coiled  spring,  a  weight,  compressed 
air,  eta ;  but  it  is  evident  that  the  current  itself  furnishes  the 
most  direct  method  of  obtaining  such  motion,  as  by  the  use  of 
an  automatic  vibrator  av  an  electric  engine. 

In  pmctice,  instead  of  vibrating  lx)ih  electrodes,  it  has  been 
found  necessary  to  give  motion  to   one  only;   and   since  tU^ 
negative  electrode  may  be  made  of  such  size  as  to  waste  ^-ei^' 
slowly,  motion  is  imparted  to  it  in  jireference  to  the  jK)sitiv^^ 
The  carbon  electrodes  may  be  replaced  by  those  of  variot:* 
substances  of  sufficient  conducting  power. 

In  this  syst^em,  when  desired,  an  independent  batterj*  cireiL-  -^ 
is  employed  to  control  the  extinction  and  lighting  of  each  lam 

The  following  is  a  description  of  one  of  the  forms  <»f  the  el 
trie  lamp  devised  to  be  used  in  connection  with  the  svstem. 
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A  flexible  bar,  i,  of  metal,  fig.  244,  is  firmly  attached  at  one 
of  its  ends  to  a  pillar,  p^  and  bears  at  its  other  end  an  iron  arma- 
ture, a,  placed  opposite  the  adjustable  pole  piece  of  the  electro 
magnet  m.     A  metal  collar,  c,  supports  the  negative  electrode, 


Su 


Fig.  244. 

the  positive  electrode  being  supported  by  an  arm,  y,  attached  to 
the  pillar  p. 

The  pillar  j?  is  divided  by  insulation  at  i  into  two  sections,  the 
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upper  one  of  whicb  conveys  tlit?  oiirrent  from  the  binding  pfiatl 
inurkcd  -(-,  to  tlie  arm  /,  and  the  rod  R,  supjxjrtiiig  the  p>sitivej 
electruiit!.     The  aiagoet  m  is  placed,  us  shown  hy  the  dotted] 
lines,  in  the  ciixjuit  which  produces  the  light     The  pillar  p  itl 
holltjWj  and  has  an  insuluted  cond acting  wire  enclosed,  whickl 
counects  the  circuit  closer  v  to  the  binding  post  marked  — .| 
The  current  is  conveyed  to  the  negative  electmde,  through  b  and 
the  coils  of  the  magnet  w-     When  the  electixxles  are  in  contact,] 
the   curivnt  circulating   through   m   renders   it  magnetic  audi 
atti-acts  the  armature  a,  thus  separating  the  electi-odes^  when,  oaf 
the  weakening  of  the  curreot,  the  eUisticity  of  the  rod  i!>  again 
restores  the  contact     During  the   movemeBt  of   the   negative 
electrode,  since  it  is  caused  to  occur  niany  times  per  second,  the] 
positive  electrotle,  thougli  pj^ially  free  to  fall,  cannot  follow  the  j 
rapid  motions  of  the  negative  electrode;  and,  therefore,  does  not) 
rest  in  peniianent  contact  with  it     The  slow  fall  of  the  positive  , 
electrode  may  be  insured  either  by  properly  proportioning  ilsj 
weight,  or  by  partly  counterpoising  it     The  positive  electrode 
thus  becomes  self  feeding* 

The  rapidity  of  movement  of  the  negative  carbon  may  be 
controlled  by  means  of  the  rigid  bar  l,  which  acts,  practicaDyt 
to  shorten  or  lengthen  the  part  vibrating 

In  order  to  obtain  an  excellent,  but  free  contact  of  the  annj  I 
with  the  positive  electrode,  the  nxl  r,  nuide  of  irou  or  other  suit- 1 
able  metal,  passes  through  a  cavit^^,  5,  tig  245,  filled  with  mcr« 
cury,  placed  in  electrical   contact  with  the  arm  j\     Since  ths 
mercury  does  not  wet  the  metal  rod  r^  or  the  sides  of  the  open* 
iQg  through  which  it  passes,  free  movement  of  the  rod  is  allowe4l 
without  any  escape  of  the  mei'cury.     We  believe  that  tl 
feature  could  be  introduced  advantageously  into  other  forms 
electric  lamps. 

In  ortler  to  prevent  a  break  from  occurring  in  the  cireiiit|l 
when  the  electrodes  are  consumed,  a  button,  %  fig.  244,  is  attached] 
to  the  upper  extremity  of  the  rod  R,  at  such  a  distance  that  when 
the  carbons  ai-e  consumed  as  much  as  is  deemed  desirable,  ii^ 
comes  into  contact  with  a  tripping  lever,  r,  which  then  allows  two 
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conducting  plugs,  attached  to  the  bar  v,  to  fall  into  their  respect- 
ive mercury  cups,  attached,  respectively,  to  the  positive  and 
negative  binding  posts  by  a  direct  wire.  This  action  practically 
cuts  the  lamp  out  of  the  circuit 

Another  form  of  electrical  lamp,  devised  recently  by  M. 
Reynier,  is  shown  in  figs.  246  to  249.  The  action  of  this  lamp 
is  based  upon  the  well  known  principle  that  if  a  very  intense 
current  of  electricity  be  led  through  a  resisting  and  refractory 
conductor,  such  as  a  ])encil  of  carbon,  the  temperature  of  this 
conductor  may  rise  to  a  dazzling  white  heat,  and  it  will  then 
emit  a  vivid  light     The  principal  difficulty  to  be  overcome  in 


Fig,  245. 

the  electrical  lamp  is  to  limit  the  undue  waste  of  the  luminous 
conductors — a  waste  which  is  very  rapid,  even  in  an  enclosed 
space,  on  account  of  the  volatilization  and  disaggregation  of  the 
carbon  pencils;  and  which  is  greatly  accelerated  in  the  open  air 
by  the  rapid  combustion  of  the  incandescent  carbon. 

In  the  various  systems  of  electrical  lamps  with  continuous 
conductors  heretofore  proposed,  the  renewing  of  the  carbon 
points  is  performed  in  the  following  mannei- :  The  incandescent 
pencil  is  placed  in  the  circuit,  with  fixed  contacts,  and  remains 
part  of  the  same  until  broken  by  l>eing  consumed.  The  light  is 
then  extinguished.     The  current  now  suddenly  passes  from  this 
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carbon  to  another,  which  is  consumed,  the  circuit  broken  in  its 
rurn»  and  j^o  on. 

This  methcKl  is  open  to  many  objections;  there  is  an  inter- 
niption  of  the  current,  accompanied  }>y  an  extinction  of  light 
at  every  rupture  of  the  {pencil,  The  luminous  intensity  varies 
continually  on  account  of  the  gradual  thinning  of  the  carl>on« 
Tlie  conductor  only  gives  its  maximum  of  light  at  the  moment 
next  to  that  of  rupture.  Finally,  tlie  proposed  apparatus  can 
scarcely  work  except  in  an  enclosed  space. 

Ill  the  new  syst^em  here  referred  to  the  renewal  of  the  carbon 
18  progressive.  The  carbon,  incandescent  a  part  of  its  length, 
advances  almost  continuously,  till  the  wdiole  available  part  lias 
been  ( onsamed.  The  system  can  operate  in  the  open  air.  The 
following  is  the  principle:  A  cylindrical  or  prLsmatical  pencil  of 
carbon,  C^  tig.  240,  between  i  and  j\  forms  part  of  an  electrical 
circuit  (continuous  or  alternate),  i^ufficiently  intense  to  render 
this  ]>art  incandescent  The  cuiTent  enters  or  leaves  at  the 
|)oinl  of  contact  l;  it  leaves  or  enters  at  the  point  of  contact  B. 
The  contact  /,  which  is  elastic,  compresses  the  pencil  latendly ; 
the  contact  B  touches  it  at  its  end.  Under  these  conditions  the 
carbon  is  consumed  at  its  exti*emity  sooner  than  at  any  other 
place,  which  tends  to  diminish  its  lengtk  Consequently,  if  tlie 
carbon  is  steadily  forced  in  the  direction  of  the  arrow,  it  vrill 
gradually  advance  as  it  is  consumed^  sliding  through  the  lat^nil 
contact  ^,  so  as  to  press  continuously  on  the  point  of  contact  at 
B.  The  heat  developed  by  the  passage  of  the  current  is  greatly 
increased  by  the  combustion  of  the  carbon, 

In  pi-actice,  a  i*evolving  contact,  E,  fig.  247,  which  carries  off 
the  cinders  of  the  carbon,  is  substituted  for  the  fixed  contact 
The  rotation  of  the  contact  is  made  dependent  on  the  progressive 
movement  of  the  carbon,  so  tl  uit  the  weight  of  the  latter,  exerted 
at  its  end,  acts  as  a  brake  on  the  mechanism  of  the  motion. 

The  principle  of  this  new  system  onco  established,  simple 
apparatus  to  realise  it  could  easily  be  devised.  The  specimens 
submittjcd  to  the  Society  of  Physics  may  be  understood  at  the 
first  glance.     The  advance  of  the  carbon  C,  fig.  248,  and  revolv- 
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ing  contact  at  B^  are  obtiiiiied  by  means  of  the  descent  of  the 
heavy  rod  P.  To  wind  up  the  lanin  it  is  ouly  necesfiary  to  mise 
this  rod.  The  carbon  pencil  is  placed  in  its  jiosition  without 
any  adjustment.  The  luminoiLs  point  remains  fixeii,  which  is 
always  advantageous,  and  particidarly  so  in  optical  experinients. 
This  apparatus  gives  a  clear  white  light  with  four  Bunsen 
elements.     With  a  more  powerful  electrical  source,   several 


^^ 


Fig,  247. 
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lamps  of  this  system  may  be  operated,  and  thus  **a  subdivision 
of  the  electrical  light  may  be  obtained'* 

Tlie  following  experiments  were  made  before  the  Society  of 
Physics:  With  a  battery  of  thirty-six  elements  of  eighteen 
centimetres,  grouped  in  two  series  of  eighteen  each,  four  lamps 
were  o[>erated  when  p]aced  in  a  single  circuit,  and  all  four  were 
repeatedly  extinguished  and  relighted  at  will.     Each  of  the  four 
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lamps  could  be  extinguished  and  relighted  **  individually,"  the 
thi^e  others  contiuuing  unafiected.     Light  waa  also  obtained 


from  one  of  these  lamps  hy  means  of  the  cniTent  of  a  smaD^ 
Gramine  machine,  for  the  labomton^,  with  treadle  attachment 
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Finally,  a  light  was  obtained  with  a  batten-  of  three  Plants 
(secondai^y)  el  emeu  ts,  which  were  charged  during  the  after- 
noon, at  the  establishment  of  M,  Br^guet^  and  carried,  charged, 
to  the  hall  of  the  s^xnet\%  This  experiment  may  be  consid- 
ered i\3  a  step  towards  the  application  of  the  electrical  Hght  to 
domestic  purposes. 

The  following  is  a  more  recent  arranrrement  of  the  apparatus: 

In  this  aiTangement  the  revolution  of  the  turning  contact  is 
obtained  fi^m  the  tangential  component  of  the  pressure  of  the 
carbon  pencil  on  the  eircumference  of  the  disk  Thus  the  end  of 
the  pencil  nev^er  leaves  the  revoUnng  contact,  and  all  causes  of 
irre^ilarity  in  the  light  are  obviated. 

The  brake,  always  indisjiensable,  is  operated,  fig.  249,  in  die 
following  manner:  The  disk  B  is  carried  by  a  lever  swinging 
from  O.  The  pressure  exerted  by  the  carbon  on  the  disk  B  causes 
the  shoe  S  to  press  on  the  face  of  a  wheel.  A,  which  is  revolved 
by  means  of  the  weight  of  the  lieavy  rod  P  througli  \L<  mck  and 
the  pinion  a.  Accordingly  as  the  j>oint  of  the  luniinous  con- 
ductor presses  more  or  leas  heavily  on  the  disk^  the  brake  will 
retard^  more  or  less,  the  descent  of  the  heavy  column^  which 
occurs  at  almost  inappreciable  intervals, 

A  great  deal  has  been  said  lately  about  the  substitution  of 
the  electric  light  for  gas,  and  from  the  frequent  remarks  which 
we  hear  on  this  subject  it  would  appciir  that  no  small  portion  of 
the  popular  mind  inclines  to  the  belief  that  the  realization  of 
this  event  on  an  cxtemled  scale  is  not  far  tlistant  It  should, 
however,  be  rcniembere^d  that  the  gre:it  advanfcige  of  the  electric 
light,  80  far  at  least  as  economy  is  concerned^  can  be  obtained  in 
the  highest  degree  only  where  a  large  quantity  of  light  is 
wanted,  and  that  the  circumstimee  under  which  the  light  is  to 
be  used  has  a  modifying  influence  in  regard  to  its  application, 
A  place  already  provided  with  power,  or  in  such  a  position  as  to 
receive  it  without  necessitating  extra  pro\dsions  for  the  purpose, 
would,  of  course,  be  ser%^ed  more  economically  than  another 
requiring  the  special  introduction  of  machinery  and  the  em]il(>y- 
ment  of  help  to  look  after  it.  A^  the  amount  of  hglit  required 
decreases,  the  economy  also  becomes  very  much  less  mai*kal 
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Platinum  and  iridium,  as  already  explained  on  page  4\ 
gaa^  retort,  or  other  carbon  pencils  when  rendered  incaudi 
by  the  passage  of  sufficiently  powerful  currents,  serve  very  w 
for  illuminating  small  spaces  and  apartments,  but  the  dif^cultii 
attending  tlie  use  of  tlieae  substances  are  considerable,  and 
extended  practical  application  of  them,  so  far  as  we  are  awa 
has  yet  heeu  made.     The  subject  has,  however,  l>een  taken  ii] 
anew  by  M(\ssrs.  Edison,  Sawyer  and  Man — the  former  worl 
independently  and  tlie  two  latter  together — and  the  results  so 
obtained,  it  is  8ai(.l,  promise  very  well  for  their  ultimate  success. 

Considered  from  a  theoretical  standpoint  alone^  carton  is  even 
better  adapted  for  lighting  purposes  than  phatinum  or  iridium, 
since  its  radiating  power  for  equal  temperatures  is  greater  and  ita 
capacity  for  heat,  refeiring,  of  course^  to  erpial  volumes,  is  1c«a 
than  that  of  either  of  these  metals;  thin  sticks  of  this  material 
would  consequently  be  raised  to  a  much  higher  temperature  for 
a  given  current  than  equal  volumes  of  the  metals.     Carbon  also 
possesses  the  advantage  of  remaining  intact  at  the  highest  tcm-^J 
perature,  while  the  metals  become  fused  and  are  even  defi^^l 
grale<l ;  its  disadvantage,  on  the  other  hand,  a^side  from  a  tend*      ' 
ency  to  volatilize  at  liigh  temperatures,  is  the  ready  combination 
of  its  heated  paiticles  with  the  oxygen  of  the  air,  but  this  in  a 
measure  has  been  overcome  by  conQning  the  incandescent  carbon 
in  an  atmosphere  of  some  nonoxidizing  gns^  such  as  nifcrogetL 
The  Sawyer-Man  lamp  comprehends  the  use  of  this  gas  for  the 
above  mentioned  purpose,  but  the  idea  is  certainly  not  a  ne 
We  shall  refer  to  this  lamj)  again  presently. 


one. 


It  has  been  announced  quite  recently  that  Mr.  Edison  has  dis* 
covered  a  means  for  subdiWding  the  electric  current  indefinitely 
thereby  making  it  possible  to  use  electricity  for  lighting  small 
areas,  and  the  statement  lias  had  a  marvellous  effect  in  brin| 
down  the  value  of  gas  stock  abroaii 

It  is  somewhat  remarkable,  too,  that  although  gas  shanks" 
preciated  greatly  and  suddenly  in  England,  on  this  announcement 
few  persons  in  that  country  had  the  slightest  idea  of  what  th6 
alleged  improvement  consisted ;  they  had,  however,  seen  the  light, 


LIGHTING   BY  INCANDESCENCEL 


507 


and  already  knew  what  wonderful  things  the  American  inventor 
had  done  in  other  directions,  and  that  seemed  quite  siificient. 

In  the  application  of  Mi\  Edison  for  a  patent  on  his  electric 
light  invention,  as  it  now  appears  oq  the  records  of  the  English 
^commissioners  of  patents,  bearing  date  of  Wednesday,  Oetober 
23,  1878^  nothing  at  all  is  said  abont  the  snbdi\nsion  of  the  cur- 
rent The  title  which  expresses  the  purport  of  the  invention, 
and  which  will  appear  on  the  face  of  the  patent,  is  as  follows: 
**  Method  of,  and  means  for  developing  electric  currents  and 

k lighting  by  electricity.*'     We  may^  however,  assume  that  the 
idea  is  included  therein.     It  will  not  be  out  of  place  i^i  this  con- 
Dection  to  note,  as  well,  that  an  application  was  also  filed  in  the 
English  patent  ofiice  on  October  26,  just  three  days  later,  by  Mr. 
Charles  E.  Shea,  for  a  *^  Method  of  dividing  and  distributing  the 
<:urrent  produced  hy  magnetic  batteries  and  magneto  and  dyna- 
mo electric  machines  inti:*  an  indefinite  number  of  separate  cur- 
rents, equal  or  relatively  unequal  to  each  other  in  quantity  or 
forca'    How  many  other  persons  are  engaged  upon  the  same 
problem  it  would  be  difficult  to  state,  but  the  number  is  cer- 
tainly very  large.    But  leaving  out  of  consideration  the  pmcti- 
^fccability  of  the  infinite  subdivisions  of  the  current,  regarding 
^'which  scientific  electricians  have  well  known  views  that  are  not 
likely  to  be  much  affected  now,  we  come  to  the  principal  part 
of  tlie  invention.     More  than  a  quarter  of  a  century  ago  a  good 
^Mleal  was  done  by  inventors  in  this  and  other  countries  towai-d 
^fcecuring  an  electric  light,  by  causing  a  current  to  pass  through 
^K  platinum  wire,  and  so  raising  its  temperature  as  to  make  it  self- 
-luminous.    The  results  at  that  time  fell  far  short  of  the  expecta- 
_tions  of  the  sanguine  experimenters.     One  obstixcle  to  success 
vns  the  liability  of  the  wire  to  fuse.     This  Mr.  Edison   now 
'^claims  to  have  overcome  by  so  applying  a  small  bar  that  it  will 
expand  the  instant  the  wire  reaches  within  a  few  degrees  of  the 
fusing  point,  and  intercept  the  flow  of  the  current  through  the 
wire  sufficiently  to  prevent  fusing. 

This  automatic  arrangement  secures,  it  is  said^  an  even  tempera- 
ture  in  the  wire  or  thin  strip  of  platinum,  and  consequently  a 
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Steady  glow  of  pure  light  If  this  is  done  economically.  ^ 
practical  limit  of  the  subdivision  is  sufficiently  extended,  it  ia 
obvious  that  a  raarked  advance  has  been  made  in  artificial  illu- 
minatioa  Actual  trial,  however,  must  determine  whether  the 
action  of  the  automatic  bar  regulator  will  do  all  tliat  is  claimed 
for  it. 

A  somewhat  similar  arrangement,  or  one  which,  at  first  sight^i 
might  be  thought  to  involve  the  same  principle,  was  exhibiiefil 
before  llie  Royal  Society  in  June^  1878, 1  >y  Dr.  Siemens  ;  and  the ' 
metliod  with  which  Mn  Farmer  experimented  some  yeare  since 
might  not  appear  altogether  dissimilar.    As  early  as  1859 — nine- 
teen years  ago — Mr.  Farmer  also  demuDstrated  the  possibility  of 
subdividing  the  electric  cuirent  for  illuminating  purposes,  anq 
at  the  same  time  showed  its  application  to  private  dwellings  by 
actually  lighting  one  of  the  dwelling  houses  in  Salem,  MiU*i^, 
eveiy  evening  during  the  month  of  July  of  that  year.     This  wa 
undoubtedly  the  first  jirivitte  dwelling  ever  lighted  by  electricilyj 
The  current  used  for  the  purpose  was  supplied  by  three  dozeo 
six  gallon  battery  jars.     In  1875,  he  carried  the  suljdinsion  stil 
further,  by  making  forty4wr>  divisions  in  the  current  from  a 
single  dynamo- electric  machine,  and  producing  as  many  separat 
lights.     The  machine  used  in  this  ciise  did  nut  weigh  over  eighi 
hundred  pounds,  and  was  driven  by  a  small  steam  engine.  WHiile 
therefore,  a  casual  observer  might  discover  a  marked  similaritj 
between  the   iuvention  of   Mr,   Edison   and  those  of   Mes 
Farmer  atid  Siemens,  a  more  aii*ef  ul  one  would  scarcely  fail 
note  the  difference  which,  in  one  sense^  is  quite  distinctive.     Ib 
both  of  the  latter  it  is  the  current  which  is  regulated,  while  in 
the  former  it  is  the  temperature  of  the  incandescent  suljstanc 
each  lamp  being  entirely  indei>endent  of  the  strengtli  of  currenll 
above  a  certain  amount,  and  each  also  independent  of  the  otht^rj 

The  new  form  of  electric  light  produced  by  what  is  known  i 
the  Saw3^er-Man  lamp,  has  been  publicly  exhibited  in  New  York 
lately  by  the  Eleetro-Dynamie  Light  Company,  and  its  app 
ance  alone  certainly  impresses  the  observer  very  favorably.  Wfl 
have,  however,  no  rehable  data  in  regard  to  the  photometric  valtio 
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of  tlie  lights,  the  current  required  for  each,  nor  the  practical  limit 
to  the  fiubdivision  of  llie  prinrijial  current  Undoubtadly,  8ub-| 
division  can  be  cjirried  as  far  with  tJiis  form  of  himp  as  with  any 
other  that  has  been  brought  out — it  may  be  fuilher.  But  there 
HUs  a  limit  for  the  best— the  press  to  the  contrary  not  withstanding 
— aa  will  readily  appear  when  wc  consider  that  a  cenain  amount 
of  current,  and  not  a  very  inconsiderable  one  either,  is  required 
for  each  lamp.     The  division  of  the  current  itself  to  almost  any 

I  extent  is  no  diiBcult  problem  for  small  amounts,  it  being  only 
necessary  to  lead  oif  a  number  of  branch  circuits  from  the  main 
(Condiirtor,  and  the  cun*t?nt,  following  Ohm's  well  known  law,  will 
divide  between  them  in  the  invei-se  ratio  of  their  resistances;  if 

^all  are  equal,  tiio  currents  in  each  will  be  alike.  But  when 
a  current  sufficient  to  maintain  carbon  pencils  at  a  white  heat  is 
required  in  each  branch,  the  practical  limitations  begin  to  appear. 

•  It  is  said  that  by  the  use  of  M»  RapieflFs  sj^steni,  which  has  been 
practically  introduced  into  the  London  Times'  composition  rooms, 
twenty  lights  from  a  single  machine  are  obtained,  and  that  the 
^distributing  principle  has  proven  a  great  succesa 
y     One  great  advantage  of  this  light  is  that  it  can  be  sustained 
lor  a  whole  night,  if  necessary,  without  change  of  carbons,  or 
any  attendance,  and  the  intensity  remains  always  the  same,  how- 
ever mucli  the  carbons  ai^e  consumed-       Four  carbon  pencils 
Ikinstead  of  two,  as  in  the  ordinary  form  of  regulator,  ai-e  used 
■  with  the  system.     These  are  opposed  to  each  other  in  pairs,  and 
so  placed  that  tlie  plane  of  one  is  at  right  angles  to  that  of  the 
othen     At  first  the  carbons  are  together,  but  when  the  current 
is   sent  through  them   they   are   drawn   apart  by  an   electro- 
magnetic apparatus,  which  fonns  part  of  the  lamj>,  and  as  the 
points  consume,  are  made  to  approach  each  other  slowly.     This 
Ikis  effected  by  means  of  a  lead  weight  or  counterpoise.     With 
^■carbons  twenty  inches  long  and  two  tenths  of  an  inch  in  dia* 
fjpBtSer  the  light  is  maintained  for  seven  or  eight  hours,  and  with 
carbons  twenty-four  hundredths  of  an  inch  thick  it  is  kept  up 
for  nine  or  ten  hours.     The  Hght  is  equivnlrnt   in  from  one 
hundred  to  one  hundred  and  twentv  eras  fl'«  about  one 
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tliousand  candles,  but  a  smaller  fomi  of  the  lamp  is  tnadc  whidi 
is  estimated  to  give  five  gas  flames.  The  resistance  of  the  arc  ift 
only  two  or  three  ohms. 

The  Sawyer- Man  lamp  consists  of  two  conductors  enclosed  in 
a  sealed  glass  vessel  of  about  eight  inclxes  in  height  by  two  and 
a  half  in  diameter,  containing  nitrogen,  and  a  very  thin  carboa 
pencil^  probably  one  tenth  of  an  inch  tliiek  and  three  quii 
long,  which  is  the  source  of  the  light  when  rendered  incandescent 
by  the  passage  of  the  current  Everv^  precaution  has  been  ta 
in  the  construction  of  the  lamp  to  modify  or  remove  even 
slightest  thing  tliut  could  tend  to  interfere  with  its  use  in  a  pnic- 
tical  way.  The  glass  is  made  very  clear,  to  prevent  undue  absorp- 
tion both  of  light  and  heat ;  the  wires  are  large  and  long,  so  as 
to  form  ready  conductors  for  the  dissipation  of  useless  heat  that 
is  always  generated,  and,  finally,  a  diaphragm  of  some  noa- 
absorbing  substance  is  placed  immediately  below  the  carlx>n 
pencil  to  prevent  radiation  downward,  which,  if  allowed  to  take 
place,  might  seriously  interfere  \^ith  the  sealing*  The  condn  • 
are  also  wound  in  a  spiral  form  to  economi^^e  space.  Con.M  :  . 
able  secrecy  has  been  maintained  by  the  inventom  in  rcgai'd  to 
some  substance  contained  in  the  base  of  the  lamps  ;  but  this  is 
believed  to  be  metallic  potassium,  placed  there  to  absorb  any 
oxygen  that  may  chance  to  leak  through. 

We  have  seen  five  or  more  of  these  lamps  in  operation  at  one 
time,  and  were  much  pleased  with  their  performance.  Our  inves* 
tigation  of  the  various  details  connected  with  their  construction 
and  practical  maintenance  was,  however,  too  limited-  to  enable  us 
t-o  judge  of  them  from  an  economical  standpoint  One  or  two 
things  which  came  under  our  observation  did  not  impress  us 
quite  so  favorably  as  we  had  reason  to  anticipate  from  what  we 
had  heard  of  them.  Possibly  a  ])oor  adaptation  of  means  to  endis 
which  is  BO  often  noticeable  with  new  and  hastily  intro<:iuce^l 
apparatus,  is  in  part  responsible  for  this,  but  it  is  certainly  remark- 
able  that  the  continuance  of  the  light  on  the  occasion  of  our  vi:?it 
was  not  prolonged  beyond  five  minutes  at  the  most;  and  this 
fact,  taken  in  connection  with  the  sound  from  the  dynamo- 
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electric  machine,  "whiclj  indicated  bntli  a  high  rate  of  speed 
and  the  production  of  a  powerful  current,  was  not  calculated  to 
greatly  astonish  any  one  familiar  with  the  subject  of  electric 
lighting.  The  particular  advantages  of  this  light,  however,  are 
|its  steadiness  and  the  ease  with  which  it  can  be  controlled^  both 
[very  desirable  qualities,  and  it  will  no  doubt  meet  with  consider- 
able success. 


^fwi 


Mg.  350. 

tit  present  we  have  very'  little  reliable  data,  beyond  that  given 
on  page  426^  regarding  the  cost  of  lighting  shops  antl  factories 
in  this  country,  or  the  use  of  the  light  in  a  small  way.  What 
e  have  there  said,  however,  shows  under  what  conditions  the 
employment  of  the  electric  light  may  be  toth  advantageous 
and  ecoiiomiciil 

^  been  among 


Messrs.  Wallace  &  Sons,  of  Ansonia,  C' 
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the  first  here  to  introduce  the  light  ia  a  practical  way,  and  their  I 
extensive  rolling  mills  have  been  veiy  snccessfully  lighted  willi 
four  lamps  for  months  together.  Fig.  250  shows  one  form  of ' 
the  lamp  which  they  use ;  it  has  already  heen  described  ou 
page  412.  Yarious  other  applications  of  tbe  light  have  also  been 
made  elsewhere  in  this  country,  bat  we  are^  unfortunately^  not 
in  possession  of  any  detailed  statement  of  the  cost  of  the  same. 
compared  with  that  of  gai*  used  under  similar  circumstances. 

Mr.  Schuyler  informs  us,  boweverj  that  the  cost  of  lighting  ondJ 
of  the  corridors  in  the  Equitable  building,  New  York,  by  tw( 
Maxim  lamps,  like  that  shown  in  lig.  235,  and  one  of  the  Farmer-! 
Wallace  machines,  is  a  trifle  over  fifteen  and  a  half  cents  per 
hour  for  running  expenses  alone,  as  against  fifty -one  cents  per 
hour  for  gas,  and  that  the  qusuitity  of  light  furnished  by  the  two 
lamps,  which  replace  fifty-one  gas  burners,  is  three  times  greater. ! 
It  is  confidently  hoped  by  Mr.  Schuyler  and  his  associates  that  the! 
advantages  of  the  electric  light  will  be  even  more  marked,  both  I 
as  regards  steadiness  and  economy^  when  the  Farmer- WaUaoe 
machine  is  replaced  by  one  of  the  new  Maxim  machines,  as  hi 
proposed  t^->  be  done  shortly.     This  machine  is  shown  in  fig.  251, 
and,  it  is  claimed,  will  furnish  a  very  large  amount  of  current  for 
the  comparatively  small  amount  of   material  used  in  its  con- 
struction.    Its  tendency  to  become  heated  is^  at  the  same  time^ 
very  small,  on  account  of  the  manner  of  arranging  the  armatur 
and  field  nuignets,  whereby  a  constant  circulation  of  air  among 
all  the  parts  is  secuxecL 

The  Maxim  machine  and  lamp,  we  understand^  have  been 
adopted  by  the  Russian  government  for  the  steamships  whicll 
are  being  constructed  for  it  in  this  country,  the  trial  on  one  oi 
the  vessels  having  given  so  much  satisfaction  that  all  will  nov 
be  similarly  equipped. 

In  England,  the  Lontin  machine  and  lamp  have  been  snime- 
what  extensively  introduced,  but  it  is  difficult  to  get  really  aocu»' 
rate  statements  in  regard  to  the  coat  of  operating  them.  The 
machine,  which  has  not  been  noticed  in  the  preceding  pages, 
constructed  in  two  paits,  one  of  which  supplies  the  current  for 
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aagnetizing  the  iron  cores  of  the  second,  oo  the  principle  of  the 
''ilfl^  machine^  while  the  hitter  ia  arranged  to  supply  several  dif- 
ferent ciiTtiiita  containing  sepamte  lamps.  The  lamp  is  a  modi- 
fied form  of  the  Serrin  regulator,  though  in  what  the  improvement 
introduced  in  it  by  M.  Lontin  really  consists  we  are  not  informed. 
jLike  the  Serrin  lamp,  it  is,  doubtless,  rather  costly.     No  reliable 
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^jfigures  have  been  published,  so  far  as  we  can  leam,  concerning 
^^&e  cost  of  producing  hglit  by  this  system,  but  it  is  believed  to 
^ve  somewhat  less  than  that  of  tlio  Jablochkoff  candle  supplied 
pfty  the  Gramme  machine,  which  we  have  already  given  as  about 
twelve  or  thirteen  cents  per  light  per  hour,  not  including  expense 
of  repairs,  depreciation  and  interest  upon  original  outlay. 
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It  is  Stated  that  the  lighting  of  the  Gramme  workshop,  in 
Paris,  a  room  about  forty  fuet  m^uare  and  sixteen  feet  high,  has 
been  maintained  during  four  or  five  years  past  l:)y  a  single  %ht 
taking  the  place  of  twenty-five  burners,  and  at  a  cost  not  exceed- 
ing twelve  cents  per  hoiin 

The  Ducommun  foundries,  at  Mul  house,  among  raauy  other 
places  abroad,  have  also  been  lighted  with  electricity  for  the 
]»ast  three  years,  or  more,  and  we  refer  to  them  here  because  of 
the  details  which  liave  lx*en  made  public  in  regard  to  the  appli* 
cation  and  iii^e  of  electricity  in  this  casa  One  enclos\u\\  about 
one  hundred  and  eighty-four  feet  long  and  ninety- two  broad>  is 
lighted  by  means  of  four  Serrin  lamps,  supplied  from  a  like 
number  of  Gnimme  machines.  The  lamps  are  place<l  about  six- 
teen feet  alx>ve  the  fl(X)r,  seventy  feet  apart  in  the  direction  of 
length,  and  forty-six  feet  in  the  direction  of  width.  Scarcely 
any  shadows  are  given,  as  the  cross  rays  of  the  lamps  arc  such, 
when  placed  as  above,  as  to  illuminate  the  different  parts  o£  the 
room  almost  equally  well.  The  total  cost  of  the  complete 
equipment,  including  machines,  lamps  and  placing  of  the  same 
for  service,  amounted  to  about  t^vo  thousand  dollars,  which  is 
near  what  it  would  Imve  cost  to  put  in  two  hundred  and  fifty 
gas  burners,  while  the  light  prodnceil  with  the  present  arrange* 
ment  really  exceeds  that  from  four  hundred  burners, 

A  comparison  of  the  cost  of  lighting  this  foundry  by  gas  and 
electricity  is  hei*e  given,  on  the  authority  of  M.  Fontaine* 
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From  the  preceding  table  it  would  appear,  that  with  equal  light 
emission,  tlie  electric  light  in  this  case  cost**  less  than  gas,  in  the 
.  ratio  of  about  1  t<L>  2^26,  with  interest  and  deterioration,  and  <if  1 
[to  717  without  interest  and  deterioration. 

Before  concluding  the  eliapter,  we  should  say  that  the  relative 

co«tof  gas  and  eleetvie  lighting  given  alM:>vej  and  which  does  not 

appear  to  differ  materially  from  the  cost  nnder  similar  circum- 

fc  stances  in  this  country,  is,  after  all,  only  another  extimple  of 

^  lighting  on  a  large  scale,  in  which  ca?H3,  as  before  stated,  the 

electric  light  can  V>e  employed  to  the  greatest  atlvantoge.     For 

Hthe  illumination  of  small  apartTOents  and  for  private  houses, 

however,  where,  comparatively  speaking,  a  small  light  only  is 

wanted,  and  tliat  at  the  lowest  cost,  the  foregoing  advantages  tu'e 

^■not  so  apparent     It  would,  however,  bo  premature,  considering 

the  number  who  are  devoting  their  attention  to  thia  subject^  and 

•  the  consequent  rapidly  increasing  application  of  electricity  as  a 
eource  of  illumination,  to  assert  that  this  agency  may  not 
ultimately  be  made  to  yield  corresponding  advantv^s  on  a 
small  scale,  though  it  is  none  the  less  evident  now  that  other 
improvements  will  first  have  to  be  made. 

Since  the  foregoing  was  put  in  type  we  have  received  a  very 
interesting  communication  from  Mr,  Moses  G.  Farmer,  on  the  sub- 
ject of  electrical  lighting,  wbich  we  give  hercwitk  Its  iniport- 
aBce  in  this  connection  is  amply  shown  in  the  amount  of  general 
inff jrination  it  contains,  and  which  Mr.  Fanner  s  large  experience 
II     renders  him  so  eminently  able  to  giva 

H  In  the  summer  of  1858,  while  reading  of  the  very  interesting 
^experiments  of  Prof.  Drajier  on  the  heat  and  light  evolved  b>*  a 
platinum  wire,  which  Wiis  ti-aversed  by  an  clef'trie  cun*ent,  I  was 
struck  by  the  rapid  increase  in  the  amount  of  light  given  out  as 
jthe  temperature  of  the  mre  approached  the  point  of  fusion,  and  it 
Btruck  me  that,  if  the  temperature  of  the  wire  could  be  steadily 
maintained  quite  near  the  melting  point,  a  useful  light  could  bo 
obtained  from  it  I  wai?  not  long  in  devising  a  combination  of 
klectn>raagnets,  rlieostats  and  batteries  that  would  give  the 
iesired  result^  and  early  in  1859  I  put  the  idea  mto  successful 
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and  practical  execution,  and  we  had  a  beautifnl  light  in  use  ia 
my  house  in  Salem, 

I  at  onoe  entered  upon  a  protracted  investigation  of  the  cc 
ditions  which  govern  the  management  of  the  cuirent,  the  coi^ 
struction  of  rheostate,  the  arrangement  of  lamp,  etc.,  and  th 
best  proportion  of  length,  width  and  thickness  of  the  illumii] 
ator.  I  tried  various  substances  in  the  coui'se  of  my  inve»tit£ 
tion,  such  as  copper,  aluminum,  platinum,  iridium,  palladii 
iron,  nickel,  carbon,  etc. 

Pum  iridium  gave  the  best  results  of  any  of  the  metab 
Alloys  of  iridium  and  platinum  gave  next  best  results,  and  nei 
to  this,  platinum  and  pallndiiim.  Carbon^  when  inclosed  in 
atmosphere  free  from  oxygen,  ahso  gave  satisfactory  result! 
Nitrogen,  carbonic  oxide  and  hydrogen  are  all  suitable  gases  to 
siUTound  the  incandescent  earlxjn.  A  vacuum  is,  perfaaji 
better,  were  it  not  for  the  difficulty  of  maintaining  it 

The  impoitant  point  i^,  that  the  higher  the  temperature  of  the 
incandescent  siilistance,  the  greater  the  amount  of  light :  and  it 
is  very  noteworthy,  that  it  requires  nearly  half  as  much  ctxrrent 
to  make  platinum  shine  in  the  dark  as  it  does  to  fuse  the  wire 
or  ribbon-  Three  quarters  of  the  fusing  current  w^ill  not  gin 
one  half  the  light  that  will  be  given  off  by  seven  eighths  of 
fusing  cuiTent^  A  flat  rilibon  of  platinum  will  give  nearly  on 
hundred  candle  lights  per  square  inch,  if  it  be  maintaine 
within  two  hundred  degixN?9  Fabrenheit  of  the  melting  jx>iuti 
and  I  have  been  able  to  keep  it  at  this  tempi^^rature  for  hou 
and  days.  A  bar  of  pure  iridium,  owing  to  its  higher  melting 
point,  will  give  several  times  as  much  light  as  an  eq^nal  an»i 
equally  exposed  surface  of  platinum  ;  but,  since  pure  iridium  is 
neither  malleable  nor  ductile  when  cold,  it  is  costly  to  work  it 
into  convenient  shape  ;  henee,  I  have  had  recourse  to  alloys 
platinum  and  indium,  which,  although  they  do  not  give  so  mi 
light  as  pure  iridium,  are  yet  superior  to  pure  platinum. 
platinum  does  not  seem  to  waste  perceptibly,  yet  I  think  I  have ' 
detected  a  tendency  to  volatilization. 

The  resistance  of  platinum,  at  the  melting  point,  is  nearly 
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seven  times  its  resistance  at  thirty-two  degrees  Fahrenheit  A 
very  simple  empiri<ml  formula  expresses  the  relation  between 
the  strength  of  current  needful  to  melt,  and  the  dimension!?  of 
the  wire^  and  this  formula  serves  us  well  for  *ither  substances 
as  for  platinum,  when  the  proper  constants  are  supplied 

I  found  no  difficulty  in  subdividing  tlio  current  into  as  many 
branches  as  I  pleased,  and  in  maintaining  as  many  lamps  as  I 
desirefl  in  each  branch,  provided  I  had,  at  my  control,  sufficient 
electro-motive  force  and  conductivity,  I  found  that  leas  than 
two  hundrcfl  foot  pountls  per  minute  would  maint-ain  one  candle 
light,  if  the  piece  of  platinum  were  of  suitable  form  and  dimen- 
sions. It  was  easy  to  supply  current  to  any  desirable  number 
of  branches,  and  to  so  adjust  the  regulator  that,  if  one,  two  or 
three  of  the  branches  were  removed  or  cut  off,  the  supply  of 
electricity  would  l>e  so  curtailed  as  to  maintain,  at  the  proper 
temjjerature,  the  lamps  in  tlie  remaining  branches. 

My  regulator,  as  I  used  it  in  18t^6, 1867  and  1868,  was  so  sen- 
sitive as  to  feel  the  current  of  air  arising  from  the  opening  and 
shutting  of  a  door  of  the  room  in  which  the  apparatus  was 
place<l 

I  had  this  apparatus  on  exhibition  at  109  Couit  Street^  in 
Boston,  during  the  years  1865,  18H6, 1867  and  1868,  until  it  wa^ 
destroyed  by  fire.  Since  tliat  time  1  have  been  almost  continu- 
otisly  engagetl  in  making  further  researches  in  this  direction  : 
have  studied  the  conditions  under  which  ineandescent  Ixirs  of 
carbon  can  be  used  in  sealed  globes,  iind  have  studied  the  con- 
struction of  magneto-electric  machines  l>e8t  adapted  t47  this 
purpose* 

Tlierc  are  four  principal  methotis  of  producing  electric  lights 
on  which  I  have  bestowed  much  attention  : 

The  first  method  is  that  in  which  an  electric  arc  is  maintained 
between  carbon  points.  It  is  well  known  that  a  counter  electro- 
motive  force,  or  polarizing  force,  is  encountered  in  the  [mssa^ 
of  the  current  between  the  electrodes,  and  this  polarization  is 
often  as  great  in  amount  as  twenty  or  thirty  volta 

The  resistance  to  conductivity  io  the  arc  varies  also,  being  less 
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as  the  cross  section  of  the  arc  increases,  less  as  the  temi>eratun? 
increas^es,  also  as  the  length  of  the  arc  diminishes,  following  the 
laws  of  conduction  in  fluids  and  liquids.  With  carbon,  one 
quarter  inch  square,  and  a  current  of  from  twelve  to  twenty 
veliei's,  the  resistance  f")f  tlie  a  1x3  may  be  set  down  at  ten  to  tliir- 
teen  ohrns  per  linear  inch  of  arc,  varying,  however,  Ix^tween 
wide  limits. 

With  earlx>n  one  half  inch  square,  and  current  r)f  fifty  or 
more  vebers,  it  is  much  less.  The  best  prepared  riulNin  weighs 
more  than  an  avoirdupois  ounce  per  cubic  inch. 

The  re^sistance  of  cai'bon,  uiihke  that  of  metals,  does  not  vary 
greatly  with  the  changes  of  temperature.  Tlje  resistance  of 
mme  specimens^  which  I  have  tested^  is  aljoiit  lifteen  hundred  or 
sixteen  hundred  times  that  of  pure  copper^  at  thirty-two  degree^ 
while  the  specilic  resistance  of  other  specimens  Ls  at  least  twice 
as  great 

The  light  evolved  is  due  in  considerable  measure  to  the  oxida- 
tion of  the  carbon  by  ttie  atmosphere.  Much  of  the  light  U, 
however,  due  to  the  energy  of  the  current^  and  this  depends  on 
the  density  of  current  in  the  arc, 

A  second  method  of  producing  electric  light  is  by  rendering 
a  continuous  bar  of  carbon  incandescent  in  the  air  by  the  pas- 
sage of  a  current  of  sufficient  density  to  mise  its  temperalurt  to 
a  white  heat  Here  much  of  the  hght  is  due  to  the  superficial 
oxidation  of  the  carbon  bar,  and  this  may  perhaps  pmve  to  be 
the  most  economical  method  of  producing  it 

The  thii"d  method  is  by  enclosing  the  carbon  bar  in  a  close*i 
tmns]>arent  glcjbe  free  from  ox3'gen.  In  this  case  tlie  carbon  is 
not  consumed,  but  the  light  is  wholly  due  to  the  enei^y  (RS') 
of  the  current  acting  on  the  bar. 

The  fourtli  metliod  is  that  of  rendering  some  of  the  metals^ 
with  high  melting  points,  incandescent  by  the  passage  of  a  cur- 
rent of  great  density. 

This  is  the  method  to  which  I  have  given  most  attention,  and 
which  promises  to  be  the  most  convenient  for  minutely  sub- 
dividing and  widely  distributing  electric  light,  especially  for 
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domestic  illuminatioiL  An  entirely  new  field  for  electric  engi- 
neerrf  is  thus  opened,  in  which  our  accumulated  stock  of  know- 
ledge will  be  most  usefully  enipIcjyetL 

Pmvions  to  my  iavestigations,  Gardiner  and  Blossom  had 
experimented  on  and  patented  a  signal  laiiap,  which  wai!!  illnmi- 
nate<l  by  a  coil  of  ])latinum  wire,  heated  by  the  passage  of  a 
current  of  electricity  from  a  galvanic  battery. 

King,  Staite  and  others  had  studied  the  use  of  carbon  bars 
in  sealed  gloljes,  and  had  proposed  metlioda  that  would  have 
been  applicable  and  useful  had  there  been  any  cheap  and  con- 
ient  source  of  electricity,  I  found  that  a  current  from  a 
gfilTaiiic  battery  incre^ised  the  cost  of  elec^tric  light  to  three  or 
four  times  the  cost  of  light  from  gas ;  and  to  remove  this  source 
of  difficulty  I  turned  my  attention  to  the  thermx>-electric  battery 
in  1864-6,  just  theji  being  brought  into  notice  by  Marcus,  of 
Berlin.  I  was,  however,  never  able  to  ntilize  more  than  one 
three  himdredth  of  the  energy  possessed  by  a  pound  of  coal  in 
this  form  of  electro-motor;  and  so,  in  l?56&-6"7-8j  I  turned 
my  attention  to  the  perfection  of  a  form  of  magneto-electric 
machine  which  I  had  conceived  of  in  1859,  namely,  one  in  which 
the  current  derived  from  the  armature  should  maintain  the  field 
of  force  in  which  it  revolved,  and  also  perform  the  useful  work 
in  the  external  part  of  the  circuit  I  succeeded,  in  1866,  in 
so  far  perfecting  this  a]*paratus  as  to  be  able  to  give  some 
account  of  its  performance  to  Mr.  H.  Wilde,  of  Manchester, 
England,  in  October,  1866,  and  an  extract  from  my  letter  to  him 
was  pubhshed  in  the  Manchester  Philosophical  Magazine,  if  I 
recollect  rightly. 

From  all  my  reseai-ches,  I  conclude  that  when  light  is  pro- 
duced in  large  amounts — say,  five  thousand,  ten  thousand,  fifteen 
thousand  candle  lights — from  one  lamjJi  as  much  t\s  eight  hun- 
dred  to  twelve  hundred  candle  lights  cau  be  obtained  from  the 
expenditure  of  one  horse  power  upon  a  suitable  dynamo-electric 
machine  and  properly  prepared  and  utilized  cai*lx>n. 

Now,  while  it  IS  rcmeml>ered  that  as  much  as  two  thousand 
or  three  thousand  foot  pounds  of  energy  per  minute  per  candle 
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light  is  consumed  in  the  production  of  light  from  ordinarr 
illumijiating  gas,  it  will  be  flj>parei]t  that  a  large  field  is  opened 
for  th(i  introduction  and  utilization  of  the  eletrtric  light,  which 
often  requires  the  expenditure  of  less  than  one  hundred  foot 
pounds  of  energy  per  minute  per  candle  light 

A  great  deal  has  been  said  and  written  about  the  difficultj  of 
subdi\n(bng  the  electric  light  Now,  there  is'really  no  difficulty 
except  that  which  arises  frum  inexperience  and  the  lack  of  skilL 

If  a  wire  of  pure  platinum  five  inches  long  and  onehiuidredlh 
of  an  inch  in  diamet-er  be  tni versed  by  a  current  of  ela^tricity 
somewhrit  more  than  five  and  less  than  six  vehers  in  strength,  it 
can  be  mamtoined  at  a  temperature  quite  near  to  the  point  of 
fusion,  and  while  in  this  condition,  it  will,  in  the  common  at- 
mosphere, emit  something  more  than  three  candle  lights^  and 
just  below  the  melting  point  the  light  will  be  between  four  and 
five  cnndle  lights. 

If  the  light  be  enclosed  in  a  glass  globe  and  sxirrounded  by 
hydrogen  gas  it  will  radiate  less  light  Tlxe  resistance  of  the 
wire  at  the  melting  point  will  not  be  far  fmm  one  and  a  quarter 
ohms  if  the  platinum  be  pure ;  hence  the  energy  active  in  the 
wire  with  a  current  of  live  and  a  lialf  vebers  (which  it  will 
ordinarily  withstand)  will  not  be  far  fi'om  44^X(5i)^Xl*26= 
1073  foot  pounds  per  minute,  and  if  it  give  four  and  a  half 
candle  lights,  which  it  will  du  if  the  stirface  of  the  platinum  \>e 
highl}'  poli^slied,  we  should  I'equire  i|  ^*=^ay  370  foot  poun<ls  ♦jf 
energy  per  minute  per  candle  light 

Now  J  if  one  hundred  such  wires  be  put  in  series  in  a  circuit,  the 
sum  o£  this  resistance  wtiuld  be  one  hundred  and  twenty *five  ohms, 
and  it  would  require  a  difference  of  potential  equal  t^  125X5^^ 
^6S7i  volts  to  maintiiu  this  strength  of  current  of  five  and  a 
half  vebers  and  we  should  get  in  the  aggregate  live  hundred  or 
more  candle  lights. 

If,  further,  we  should  arrange  ten  such  circuits  in  multiple 
arc,  having  one  hundred  lights  in  each  of  the  ten  branches,  we 
should  find  tlio  joint  resistance  of  this  part  of  the  circuit  re- 
duced to  twelve  and  a  half  ohms ;   but  it  would  now  require 
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a  current  of  fifty-five  vebers'  strength  to  keep  the  lamps  all 

Bhining,  and  tlie  difference  of  poU*iitial  required  to  nmintain  the 

me  thousand  lights,  earli  from  three  to  five  candles,  would  still 

six  hundred  sind  eighty -seven  and  a  half  volts;  but  we  should 

aow  have  five  thousand  eaiidle  light^^  instead  of  five  huntlred^ 

id  the  energv  absorl>ed  iii  this  part  of  the  circuit  would  be 

^.     .       44.25X12.6X56^  ,        ..      , 

^Iqnal  to ,.  ... =  m< jrc  than  tifty  horse  power  to 

maintain  the  five  thousand  candle  lights  or  one  hundred  candle 
lights  per  horse  power.  But  it  nuist  be  remembered,  that  tliis  is 
not  all  the  energy  eonsunied  in  the  production  of  the  light; 
thig  is  only  the  useful  energy. 

Besides  this,  there  is  the  R  S^  consumed  in  heating  the  leading 
and  distributing  wires,  also  that  consumeil  in  the  magneto- 
electxic  machines  or  whatever  source  be  employed 

This  may  be  represented  Vty  B  S*,  wherein  B  represents  the 
internal  resistance  of  the  electro-motor,  and  can  be  made  as 
small  as  one's  purse  will  allow. 

On  this  basis,  let  ussnppo.=[0  a  city  of  five  hundred  thousand 
•inhabitants  to  Ije  furnished  with  electric  light  from  platinum 
lamps,  one  of,  say  ten  candles  to  eaeli  iidiabitant.  The  aggregate 
amount  of  light  would  be  five  million  candles;  and  if  only  one 
hundred  candle  lights  were  obtiiined  from  one  horse  power^ 
we  should  then  require  iifty  thousand  horse  power  to  furnish  this 
amount  of  light,  leaving  alone  the  energy  consumed  in  it^  pro- 
duction and  distribution,  which  would,  %vithout  doubt,  exceed  this 
amount,  or  nearly  so,  with  the  best  machine  now  in  use. 

If  you  turn  to  the  account  of  the  experiments  on  the  Brush 
light,  as  executed  at  the  Franklin  Institute^  you  will  find  that 
;hc  cost  of  production  was,  on  the  average-,  in  excess  of  one 
'three  hundredth  of  a  horse  power  per  candle  light;  and  this,  too^ 
with  carlwn  points,  and  with  light  in  greater  amount  than  ten, 
fifteen  or  fifty  eandle  lights  per  lamp.  Now,  it  is  well  known 
bat  the  greater  the  amount  of  light  at  any  source,  the  greater 

e  eoonomv,  and  so  a  ftv«  ^^  ^^n  thousand  candle  light  costs 
less  1  I,  fifteen  or  twenty  candle  light 
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If  next  we  consider  the  incandescent  carlx>n,  in  an  atm* 
])liere  free  fmm  oxygen,  as  in  King's,  Staite's^  Kosloffs,  am 
other  lamps  of  this  class,  we  sLall  find  that  a  carbon  rod  thi^ 
eighths  of  an  inch  in  length  and  one  thirtieth  of  an  inch  in 
diameter  will  offer  a  resistance  of  not  far  fmm  half  an  ohni, 
whether  it  be  cold  or  hot,  and  snch  a  bar  will  bear  a  current  of 
from  ten  to  fifty  vebers'  strength  for  a  time,  without  injury, 
and  will  give  a  soft,  mild  anil  very  pleasant  light,  nt>t  too  kXtti- 
ccDtmted,  but  ver>'  desirable ;  and,  as  with  the  platinum  lamp, 
many  of  these  lamps  can  be  put  in  one  circuit,  arid  many 
branch  circuits  in  multiple  arc  can  be  heated  simultaneously  by 
one  source  of  electricity,  provided  it  have  sufficient  electro-mch^J 
tive  force  and  conductivity,  and  the  light  will  be  more  economi^H 
cal  than  from  platinum,  because  the  carbon,  when  thus  proti^^, 
will  withstand  a  higher  temperature  than  will  the  platinum. 

Next,  we  will  consider  the  electric  light  produced  by  the  arc 
between  carbon  points.  K  we  have  two  suitable  carbon  rods^ 
eachj  say?  five  sixteenths  of  an  incli  diameter^  and  separated  W 
the  distance  of  alx)ut  one  sixteenth  of  an  inch,  and  apply  t<> 
these  electrodes  a  source  of  electricity,  which  has  an  electro-mo- 
tive force  of,  say  seventy  voltv%  and  an  internal  resistance  of,  sav 
three  ohms,  we  shall,  after  establishing  the  aix3,  find  a  current 
developed  of  about  eight  or  ten  vebei's,  and  a  light  produced 
equal  to  from  one  hundred  to  four  hundred  candle  lighta 

If  the  resistimce  (four  ohms)  of  the  circuit  were  all  metallic, 
the  current  developed  would  be  in  amount  equal  to  sixtt*en  or 
seventeen  vebers :  but  the  electric  arc  Ijebaves  like  an  electro- 
Hi^,  and  offers  a  counter  electro-motive  force,  and  so  the  actual 
electro- motive  force  in  the  circuit  may  l>e  thus  represented; 
E  ~  e,  where  E  is  the  eleetro*motive  force  of  the  machine^  and 
—  e  the  counter  or  polarizing  force  of  tire  ara  If,  now,  i  rep- 
resent the  resistance  to  conductivity  of  the  arc,  B  the  internal 
resistance  of  the  battery  or  machine,  and  r  that  of  the  le^lioii 
wires,  then  the  strength  of  current  active  in  the  circuit  will  be 
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The  value  of  e  varies,  and  all  the  conditions  of  ita  Tanatfc 


SXJBDIVKIOK  OF  THE  CURRENT. 


523 


w 


iot  yet  well  understood.  It  is  Bufficient  for  our  present 
purpose  to  know  that  it  is  sometimes  as  high  as  twenty  or  thirty 
volts,  and  that  the  resistance  to  conductivity  in  the  arc  is  often 
as  high  aa  fifteen  or  sixteen  ohms  per  lineal  inch  of  arc,  being 
much  smaller  when  the  h*ght  is  very  great>  say  when  it  is  ten  or 
^fifteen  thousand  candles. 

With  this  basi^s  suppose  our  magneto-electric  machine  or  gal- 
vanic battery  possesses  an  electro-motive  force  of  seventy  volts, 
and  an  internal  resistance  of  three  ohms,  it  will  maintain  an  arc 
^^between  carbon  points,  and,  with  care^  thirf  arc  can  be  made  to 
^Kxceed  one  sixteenth  of  an  inch  in  length,  if  the  carbons  be  of 
^l^ood  qualitj%     Now,  let  ns  construct  a  machine  with  one  hun- 
^P^irefl  and  forty  volts  intensity,  and  with  an  internal  resistance 
not  much  greater  than  tliree  ohms,  at  least  not  so  great  as  six 
nhma     We  can  now  maintain  two  short  sltc^  m  series  in  this 
circuit,  each  giving  considerable  light     With  careful  manipula* 
tion,  even  three  arcs  could  be  simultaneously  maintained  with 
such  a  machioa 

klf,  now,  our  electro-motive  foi-ce  were  raised  to  or  in  excess  of 
!ven  hundred!  volts,  we  might  maintain,  possibly,  as  many  as 
n  aixs  in  one  circuit ;  but  the  feeding  mechanism  of  the  lamps 
ould  need  to  be  well  constructed,  accurately  adjusted,  and 
rendered  sensitive  to  slight  variations  in  the  strength  of  the 
current 

»Supi>ose,  further,  tliat  our  machine  has  still  an  electro-motive 
force  of  seven  hundred  volts,  hut  now  its  internal  resistance  is 
jl^duced  to  one  tenth  of  an  ohm,  I  doubt  not  that  five  or  more 
such  circuits  of  ten  lamps  each  could  be  run  in  multiple  arcs  by 
the  aid  of  this  machine,  as  it  is  not  probable  that  all  the  lamps 
in  one  branch  woidd  go  out  at  once. 

I  have  maintained  three  or  four  branch  circuits  in  action  at 
^^tbe  same  time,  each  branch  having  one  lamp  in  it 
^p  I  find  it  much  more  difficult  to  run  a  few  lights  in  each  branch 
^^circuit  than  it  would  be  to  run  several,  if  the  coostnietion  of  the 
machine  be  suitable  and  tlie  power  ample,  as  the  laws  governing 
le  strength  of  current  in  branch  circuits  show  would  happen* 
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To  sum  ap,  tlien,  the  electric  light  question,  there  are  manj 
good  and  well  known  mag'iioto'electric  machines  free  to  the  pub- j 
lie  to  use,  for  instance,  the  Saxton,  the  Siemens,  Carpenter, 
Shepard,  and  many  others;    then,  too,  there  is  tlie  platinnjn 
lamp  of  Gai^ner  and  Blossom ;  the  incjindescent  carbon  lamf 
of  King,  Staite,  and  others. 

Besides  these  there  are  the  carbon  point  lamps  of  Brownii 
Duhnsqne,  Serrin,  Siemens^  and  many  more,  which  are  all  Ircc 
to  the  puliUc,  and  hampered  by  no  patents ;  no  ciirbon  point 
lamp  need  be  better  than  the  Serrin,  when  properly  constructed^ 
as  it  can  be  run  for  hours  without  flickering,  or  going  out,  if  tha 
carbons  be  goml,  the  lamp  well  made  and  properly  adjusted,  and 
if  the  machine,  which  supplies  the  current,  l>e  of  ample  power. 

Light  to  the  amount  of  from  one  hundred  to  one  thousand 
candles  per  horse  power  can  be  obtained  fR>m  some  of  thes6' 
machines  and  lamps,  while  at  best  not  more  than  twenty-five  or 
thirty  candle  light  can  be  obtained  from  one  horse  power's  worth 
of  gas. 

So  let  me  here  repeat  what  I  in  substance  published  in  the 
Scientific  American^  a  few  years  since,  namely,  that  one  pound  of 
coal,  if  used  for  makin<:^  gas,  would  yield  enough  to  supply  a 
candle  light  or  its  equivalent  for  atout  fifteen  hours. 

One  pound  of  the  gas,  when  made  and  burned,  yields  a  candle 
light  for  seventj^'five  hours*  Further,  one  pound  of  coal,  burned  j 
in  a  good  furnace  under  a  good  boiler,  will  frnTiisli  sufficient* 
steam  to  drive  a  good  steam  engine,  and  if  a  magneto-electric 
machine,  for  a  sufficient  length  of  time,  to  furnish  an  electric 
light,  which  in  intensity  and  duration  shall  be  the  equivalent  of 
one  candle  light  for  one  thousand  hours. 

But  if  all  the  energy  locked  up  in  one  |>ound  of  carbon  could 
l>e  liberated  and  converted  wholly  into  light,  it  would  be  equiva- 
lent to  that  given  by  one  candle  during  one  and  a  half  years,  if 
all  concentrated  in  one  source. 

Hence,  let  exj>erimenter8  take   courage,  and  try  to  fill  thisr^ 
chiism  between  one  thousand  hours  and  one  and  a  half  ye&rs  I 

When  we  shall  see  the  electric  light  distributed  in  our  dwe 
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ings  it  may  prove  a  source  of  pride  to  Salem  to  call  to  mintl  that 
this  boon  met  with  its  first  success  in  tbnt  eity,  where  a  parlor,  in 
Pearl  Street  was  lighted  every  evening  during  the  month  of  July, 
1859,  by  the  electric  light,  and  was  undoubtedly  the  first  private 
dwelling  house  ever  light<ul  T^y  elertrieity. 

A  galvanic  battt.Ty  furnished  the  electric  current,  which  was 

I  conveyed  by  conducting  wires  to  tlio  mantel  piece  of  the  pallor, 
wliere  were  located  two  electric  himps.  Either  lump  could  be 
lighted  at  pleasure,  or  both  at  once^  by  simply  turning  a  little 
button. 

Tins  light  was  soft,  mild,  agreeable  to  the  eyci  and  more  de* 
lightful  to  read  or  sew  by  than  an^^  light  ever  seen  befora  It 
was  discontinued,  for  the  reason  that  the  acids  and  zinc  consumed 
in  the  battery  made  the  hght  cost  about  four  times  as  much  as  an 
equivalent  amount  of  gas  light.     Now  that  we  can  have  cheap 

[electricity  from  the  dynamo^clectric  machine,  we  may  soon  expect 
.♦r  things  of  it 
'A  word  as  to  the  cost  of  electric  light  as  compared  with  light 
from  gas.  Perhaps  on  the  average,  one  pound  of  illuminating 
gas  will  give  seventy-five  candle  lights  per  hour*  One  pound  of 
illuminating  gas  possesses  a  sufficient  store  of  energy  to  enable 
it  t*i  give  out  by  combustion,  uliout  tweut}'  thousand  units  of 
lieat,  or  the  equivalent  of  about  sixteen  million  foot  pounds  of 
work.  This,  if  burned  in  an  hour,  would  average  about  two 
hundred  and  fifty  thousand  units  of  work  per  minute,  or  about 
thirty*  five  hundred  foot  poimds  per  minute  per  candle  light 
A  very  large  electric  light,  say  ten  tliousand  candles,  does  not 

i  consume  more  than  twenty  fuot  pounds  of  energy  per  minute  per 

,  candle  light,  and  even  a  small  electric  light  of  twenty  candles 
need  not  consume  more  than  two  hun<lred  foot  pounds  per  min- 
ute per  candle  light  So  it  might  not  seem  extravagant  to  ex- 
|)ect  that  one  pound  of  gas  per  hour  could  be  burned  in  a  suit- 
able furnace  under  a  praper  boiler,  and  steam  be  taken  from  the 
boiler  to  a  steam  engine  to  drive  a  magnetic  '  electric  machine, 
which  should  supply  five  electric  lamps  that  would  give  more 
light  than  five  gas  lamps,  each  consuming  one  fifth  of  a  pound 
of  illuminating  gas  per  hour. 


CHAPTER   XV, 


KBISON's  BECENT  TELKPHUXIC  and  ACOfTSTIC  rsTENnoKa 

The  most  important  advance  that  lias  been  made  in  the  appli- 
cation  of  the  telephone  to  businesSp  manufactures  and  me<iic;tl 
science  dates  from  the  discovery  of  the  varying  electriciil  rc> 
sistance  of  certain  bodies  when  submitted  to  pressure.  The  car- 
bon telephone  is  based  on  this  fact,  and  more  re<:!ent  discoveries 
prove  that  any  mass  of  metal  that  is  not  continuous,  like  a  heap 
of  shot,  a  coil  of  chain,  or  charcoal  impregnated  with  iron^  will 
produce  changes  in  an  electrical  current  when  submitted  to  jitp- 
sure.  This  pressure  may  be  the  impaut  of  sonorous  wavetj  oi  ml 
kinds,  and  tlius  such  u  mass  of  metal  may  become  the  transmit- 
ter of  a  telephonic  circuit 

In  Chapter  YL  wo  have  already  dcBrrihed  a  few  of  the  disooV' 
eries  and  inventions  made  1  >y  Mr.  Edison  in  his  reseai^chea  which 
culminate  in  the  invention  of  the  carbon  telephone.  We  ntiw 
propose  to  present  a  more  complete  description  of  the  in.  / 

forms  of  telephone  upon  which  he  then  experimentei  L 
as  to  describe  his  more  recent  acoustic  inventions;  The  carbon 
telephone  is  only  one  of  many  contrivances  for  reproducing 
articulate  sj»eeeh  at  a  distance,  but  owing  to  its  clear  and  trutli- 
f ul  articulation,  its  simplicity  of  construction,  and  the  far  greater 
volume  of  sound  which  it  creates,  it  is  Ukely  to  be  the  most 
extensively  usetL  Other  instruments  of  Mr.  Edison  s  inven- 
tion, however,  are  not  far  behind  it,  and  may  by  improvement  be 
made  equally  effective.  As  a  nile,  Mr.  Edison  hm  succeeded 
better  with  those  tt*lephoues  which  produce  a  variation  in  the 
resistance  of  the  circuit  than  with  such  as  depend  for  their 
action  upon  a  variation  of  the  electromotive  ivive  or  suuic 
charge. 

An  instrument  very  similar  io  the  carbon  transmitting  tele- 
phone is  shown  in  fig.  252  (devised  November  19^  1877)*  the 
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|tial  difference  l>eing  that  the  carbon  ia  replaced  by  bibu- 
loSI    paper,  moistened    with  water.     Tlii.s  semi-conductor,  like 

Ilhe  carboBi  changes  i!a  i-esistance  under  the  iniluence  of  vai^  iug 
bressnra  The  paper  is  kept  moist  by  capillary  action,  a  strip 
peing  used,  one  end  of  wliicli  dips  into  n  reservoir  of  water.  In 
ng*  253  (devised  June  27,  1877)  ia  shown  a  form  of  the  carbon 
transmitting  telephone,  requiring  no  adjustment  w^hatever,  and 
which  opemtes  well,  n<>twithstanding  the  simplicity  of  its  con* 
struction.  It  consists  essentially  of  a  plate  of  metal  resting  on 
the  bottom  of  a  hollow  vessel,  and  carrying  a  block  uf  prepared 


Hjj^bon,  upon  whicli  a  second  and  light  metallic  plate  is  laid. 
Tlie  weight  of  the  upper  plate  afforrls  ati  initial  pressure,  which 
is  varied  by  spealdng  into  the  mouth  of  the  vessel  The  carbon 
block  may  be  replaced  by  a  disk  of  cloth,  the  pires  of  which 
^Bave  been  filled  with  pulverized  black  lead.  By  tins  treatment 
^^be  cloth  becomes  slightly  conductive.  The  instrument  thus 
modified  is  shown  in  fig.  254  (devised  Sept  20,  1877).  In  fig. 
255  (devised  August  12,  1877)  the  pulverize<l  plumbago  P  is 
floated  upon  mercury,  M,  and  is  compressed  between  the  surface 
of  the  mercury  and  a  metallic  block  fastened  to  the  centre  of  the 


uy.  252. 
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Still  another  form  of  the  Edison  transmitter  is  shown  irt 
256  (flcvised  July  6,  1877).     The  carljon  C  rest*  upon  tlie  * 
phnigni,  whiL'h,  in  thit*  instrument,  is  a  horizontal  plate  for 
the  top  of  a  vocaUzing  charaberj  the  mouth  piece  being  at 
side.     Three  fine  t'onla  attach  the  earboa  to  the  frameworks 
the  diaphragm,  and  prevent  it  from  being  displaced  when 
diaphm^m  is  vibrating.     In  apjwarauce  this  instrument 
bles  the  Heisa  telephone,  and  in  principle  it  would  be  much  tS^" 
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Fig,  254. 


Fig.  265. 


same  were  it  not  that,  in  vibi-ating,  the  farbon  never  actual| 
loaves  the  plat4?  upon  which  it  rests,  but  simply,  for  an  insmn^ 
i-elcnses  its  pressure.  It  is  evident  that  the  resistance  of  the  cir- 
cuit dei'>enda  upon  the  electric  connection  between  tne  carb 
and  tlie  diaphragm,  and  that  this  connection  depends  upon  tlrt 
pressure  of  the  carbon,  which  is  constantly  changing  when  l 
diaphragm  is  in  vibration.  This  apparatus  is  too  sensitive 
extraneous  sounds  to  be  useful  in  telephony. 


Fig,  256. 

Another  form  acting  on  much  the  same  pnnciple  is  illustraS 
by  fig.  257  (devised  ik^pt  30,  1877)  ■  it  is  called  the  inertia  tel^ 
phone,  though  it  is  hardly  certain  that  its  action  is  to  be  attrii 
uted  solely  to  inertia.      The  carbon  C  is  placed  between  U 
metallic  plates,  one  of  which  is  fa.stened  to  the  diaphragm,  anjl 
the  other  is  held  by  a  screw  bearing  in  a  framework,  attache 
to  the  diaphragm  by  insulating  supports.     When  \-ibratingt  tl 
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wbole  sjstem  moves,  instead  of  the  plate  P  alone,  as  in  the  ordi* 
nary  carbon  transmitter     Mr.  Edison  s  explanatirm  of  its  mode 

I  of  action  is,  that  the  degree  of  pressure  with  which  the  carbon 
rests  against  the  plates  is  varied  during  the  vihraliou.  Thus, 
lafter  a  movement  toward  tlie  right,  the  diaplaraomi  suddenly 
titops,  and  the  carbon  presses  in  virtue  of  its  inertia  on  the 
plate  P. 
An  advantage  which  the  magneto-telephone  has  over  the 
earlier  forms  of  Mr.  Edison  s  telephone  is,  that  its  diaphragm 


ng,  257. 


Fi'j.  258. 


does  not  touch  anything,  and  can  therefore  vibrate  with  perfect 
freedom.  On  the  other  hand,  the  diapliragm  of  the  carbon  tele- 
hone,  used  before  his  adoption  of  the  present  non-vibmting 
igid  plate,  presses  with  considerable  force  upon  the  carbon,  and 
bus  causes  it  to  make  false  vil^ration.  In  the  form  shown  in 
fag,  258  (debased  June  25,  1877),  this  dil^calty  is  not  encoun- 
tered The  diaphragm  carries  an  armature,  A^  of  soft  iron^ 
vrhich  confronts  but  does  not  touch  the  magnet  B.  A  and  B 
are  opposite  poles  of  the  same  magnet^  being  connected  at  P, 
d  polarized  by  a  local  circuit.     The  magnet  B  i)resses  upon 
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the  carbon  at  C,  the  pressure  being  regulated  by  the  screw  1 
The  atti'actiou  between  A  and  B  varies  with  the  distance 
tween  them*  Wlien,  in  vibiTitingi  A  moves  toward  B,  the  •il 
traction  rapidly  increases,  and  B  lessens  its  pressure  upon 
During  a  motion  in  the  opposite  direction,  the  attraction  diniiii 
ishei3,  and  B,  drawn  by  the  spring  S,  iocreasci^  its  pi-essnre  upon  ( 

A  similar  contrivance  is  illustrated  in  fig.  259.  (Dei? 
April  10|  1877,)  The  diaphragm  carries  an  armature,  A,  which, 
by  its  motion,  changes  the  potential  of  two  electro-magnet& 
These  changes  in  miigneti.sm  cause  a  bar,  situated  in  their  iniig- 
netic  field,  to  reproduce  the  original  vibrations.  The  ends  of 
the  bar  aj^e  held  by  the  magnetic  force  against  two  pieces  of 
carbon,  c  and  c,  Tliese  and  the  bar  are  included  in  the  primary 
circuit  of  an  induction  coil.     The  resistance  of  the  cimuit 
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Fig.  259. 


decreases  when  the  bar  is  drawn  up,  and  increases  as  the  bitr 
tlescen^is 

Of  all  substances  which  have  thus  been  tested  in  the  tele- 
phone for  increasing  and  decreasing  the  resistance  of  the  circuit 
by  the  eflfect  of  the  sonorous  vibi'ations,  lamp  black  from  the 
lighter  hydrocarbons  proves  the  lx»st  It  is  very  essential  that 
the  lamp  black  should  be  deposited  at  the  lowest  tempera tuiv 
possible,  and  the  flame  of  the  lamp  should  not  be  allowed 
to  play  upon  the  deposit ;  otherwise  the  product  is  of  high  re- 
sistance and  wholly  unsuitable  for  this  purpose.  Commercial 
lamp  black  of  the  l>est  quality,  scarcely  allows  a  current  to  jriv^ 
through  it,  while  that  obtained  by  the  process  herein  dcscribe^l 
offers  hut  slight  resistance. 

The  lamp  black  as  it  comes  from  the  burning  apparatus  \& 
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laid  upon  a  white  slab,  and  those  portions  which  have  a  brown 
tingo  are  picked  fi*orn  the  mass ;  the  remainder  is  then  ground  in 
a  mortar  and  placed  in  a  laj'ge  moalil  and  eubjected  to  a  pressure 
of  several  thousand  pounds.  Tlie  cake  thus  pressed  is  I'e- 
powdered  and  re-pre^sed  several  times.  Finally,  it  is  weighed  out 
in  divisions  of  three  hundred  milhgrammes  and  moulded  into 
buttons  as  seen  in  tbe  telephone. 

The  reason  why  lamp  black  thus  moulded  is  superior  to  any 
other  material  is  satisfactorily  explained,  when  we  consider  that 
of  all  finely  divided  substances  obtained  either  by  mechanical 
action  or  chemical  precipitation,  it  is  seen^  when  under  the  mi- 
croscope^ to  have  the  greatest  naml>crof  particles,  or  in  other 
words,  to  be  the  most  finely  divided  Now  it  is  well  known  that 
the  increase  and  decrease  of  the  resistance  of  any  button  of 
finely  divided  conducting  matter,  when  subject  to  pressure,  is 
due  entirely  to  tbe  contact  of  a  greater  or  less  number  of  par- 
ticles at  the  junction  or  siu^aces. 

Again,  it  is  known  that  the  telephone  i^  exquisitely  sensi- 
tive to  the  slightest  change  of  resistance  in  the  eireuit ;  lience,  if 
a  butt*3n  of  gas  retort  carbon  composed  of  inelastic  particles,  few 
in  number  (as  compared  to  lamp  black),  is  used  in  a  telephone, 
the  production  of  a  wave  by  gradually  increasing  pressure  is 
obtained  by  the  gradually  increasing  number  of  pai'ticles  which 
are  brought  in  contact  with  the  surface  plates.  Now  these  {)ar- 
ticles  are  so  few  and  large,  and  in  many  cases  scveml  particles 
aggregated  in  the  retort  carbon,  that  the  wave  instea*!  of  being 
pure  is  harsh  and  grating.  This  wave  may  be  graphically  ro- 
prasentcd  by  a  serrated  line  inclined  at  an  angle  of  45^,  the 
points  representing  the  disturbance  of  the  carrent  by  the  effect 
of  the  particles  themselves.  Now  if  the  button  of  gas  retort 
carbon  be  replaced  Vjy  one  of  graphite,  which  is  composed  of 
much  smaller  particles  with  no  ^iggregations  as  with  the  firsts 
the  waves  will  be  represented  by  the  line  as  above,  but  the 
jxiints  will  be  scarcely  perceptible,  and  these  gaps  being  so 
minute,  are  beyond  the  power  of  the  telephone  to  detect;  hence 
we  obtain  a  pure  wave,  but  these  gaps  weaken  the  wave  as 
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a  whole  by  tlieir  effect  on  the  self-iaductioa  of  the  telephone 
receivcn  But  iii  the  case  of  Lamp  black,  the  particles  are  in- 
fmitely  liner  than  graphite,  and^  moreover^  the  huttx3n  is  some- 
what elastic ;  hence  the  line  representing  the  form  of  the  wave 
will  be  perfectly  straight,  although  theoretically  there  are  gaps. 
Tltey  are  infinitely  small  as  compared  to  graphite  ur  other  con- 
ducting material,  therefore  we  not  only  prevent  harsh  sounds^  but 
olitain  a  stronger  wa%^c»  owing  to  the  absence  of  gaps  and  their 
effect  on  the  self-induction  of  the  magnet  Lamp  black  when 
moulded  into  buttons  possesses  another  property  differing  fn>m 
all  other  conducting  material^  and  that  is  its  elasticity.  For 
instance^  if  we  subject  buttons  of  different  materials  to  pressure^ 
the  greatest  difference  of  resistance  with  a  given  weight  will  be 
pnKiucO"!  on  the  lamp  black  button ;  again,  if  we  increase  the 
weight  on  all  the  buttons,  a  point  will  be  reached  where  any 
additional  weight  ceases  to  reduce  the  resistance  appreciably, 
except  in  the  case  of  the  lamp  blacky  which  continues  to  show 
decrease  of  resistance  by  additional  weight  placed  upon  it  long 
after  the  other  buttons  cease  to  lie  affected,  as  all  the  particles 
that  can  come  in  contact  will  he  brought  in  contact  by  a  slight 
weight  owing  to  the  inelastic  nature.  Mr.  Edison  hits  eo- 
deavored  to  obtain  an  approximation  as  to  the  number  of 
jwints  of  contact  on  the  lamp  black  button  now  used.  In  order 
to  accomplish  this  purpose  lie  first  placed  a  SutherfonJ  dif* 
fraction  grating  under  the  microscope  having  17,291  lines  niled 
on  speculum  metal  within  a  space  of  one  inch,  and  by  the  side 
of  this  a  button  of  lamp  blaekj  then  by  changing  from  one  to 
the  other,  he  calculate^l  tliat  there  were  not  less  than  10,000,000 
of  points  ujwn  the  surface  of  the  button,  nearly  all  of  which 
were  constantly  in  use  when  subjected  to  the  sonoro\is  vibra- 
tions. Had  the  Rutherford  grating  been  iniletl  both  ways  there 
would  have  been  298,000,000  of  points,  and  thei-e  is  little  doubt 
that  a  button  of  platina  nded  double  in  this  manner  would  give 
good  results  in  the  telephone,  but  would  not  equal  the  lamp 
black,  owing  to  its  want  of  elasticity. 

The  elasticity  of  the  lamp  black  button  has  another  advantage^ 
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insomuch  that  it  allows  a  considerable  initial  pressure  to  be 
placed  upon  it  without  materially  reducing  its  sensibility ;  hence 
the  apparatus  is  not  so  liable  to  be  thrown  out  of  adjustment  as 
those  emplojring  an  inelastic  button,  where  the  initial  pressure 
must  be  exceedingly  light  to  retain  its  sensibility.  When 
adjusted  in  this  manner,  a  loud  sound  causes  a  break  in  the 
circuit,  and  the  sounds  are  harsh  and  disagreeable,  and  allow 
sparks  to  occur,  which  in  time  coats  the  metallic  armature  and 
renders  it  unfit  for  use.  The  only  defect,  if  so  it  may  be  called, 
in  the  button  made  of  lamp-black,  is  that  it  is  somewhat  friable ; 
but  Mr.  Edison's  experience  goes  to  prove  that  if  the  telephone 
is  made  in  a  proper  manner,  so  that  no  part  of  it  will,  when 
under  the  effect  of  the  sonorous  waves,  vibmte  and  hammer  the 
button,  it  will  last  for  months,  and  as  far  as  can  be  seen,  will 
continue  to  last  as  long  as  the  instrument  tlxat  holds  it ;  but  if 
the  instrument  is  so  devised  that  the  armatures  are  allowed  to 
hammer  the  button,  or  if  the  initial  pressure  is  very  light  and 
the  instrument  receives  a  violent  concussion  (for  instance,  by 
being  dropped  on  the  floor),  the  button  is  liable  to  crack,  but 
even  in  this  case  the  volume  of  sound  is  not  materially  lessened 
Mr.  Edison  has  attempted  to  harden  these  buttons  by  mixing 
the  lamp-black  with  sugar,  tar  and  other  substances  previous  to 
moulding,  and  after  moulding  subjecting  them  to  a  high  temper- 
ature. This  treatment  makes  them  hard  but  inelastic,  and  yet 
far  superior  to  any  other  substance  which  he  has  tried. 

The  value  of  different  substances  to  be  used  as  buttons  in 
the  telephone  are  given  below,  the  first  mentioned  being  the  best, 
and  the  others  in  the  order  given : 

Lamp-black, 

Hyperoxide  of  lead. 

Iodide  of  copper. 

Graphite, 

Gas  carbon, 

Platinum  black. 

Finely  divided  materials  which  do  not  oxidize  in  the  air,  such 
as  osmium,  ruthenium,  silicon,  boron,  iridium  and  platinum, 
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give  results  proportionate  to  this  minute  division,  but  maoy  <rf 
them  are  sucli  g«xHl  conductors  that  it  is  necessary  to  mix  eonie 
veiy  fine  non-conducting  material  with  them  before  moulding. 
All  the  conducting  oxides,  sulphides,  iodides,  and  n^irly  every 
metal  finely  divided  has  been  tried  by  Mr.  Edison,  in  vari- 
ous slater  of  di\nsibility  and  mixed  with  varions  substancea. 
Liquids  in  porous  buttons  of  finely  divided  non-conducting 
material,  render  these  particles  conducting,  and  they,  conse- 
qnently^  act  in  the  same  manner,  but,  of  course,  owing  ta  tb^ 
formation  of  gas,  polarization,  etc.,  they  are  objectionable. 


Ftff.  260. 


THE   MlCIiOPHUNE. 

The  device  of  using  several  pieces  of  the  aemi-conductor 
instead  of  one  was  early  tiied  by  Mr.  Edison.  Ho  found,  in 
generah  that  the  loudness  of  the  sound  was  increased  by  thu8 
multiplyitig  the  numljer  of  contact  surfaces,  but  also  that  the 
articulation  wie  impaired.  Instruments  of  this  nature  have 
since  become  known  as  microphones,  though  it  is  not  probable 
that  faint  sounds  were  ever  augmented  througli  their  agency  so 
that  they  cuiild  be  easily  recognized  at  a  distance  fi'om  their 
source.    Fig,  260  shows  one  of  the  first  forms,  invented  by  Mr, 
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iaOTi,  Api'il  1,  1877.  Four  pieces  of  cbarooal  are  used,  C  C, 
'etc,  uuch  supported  by  aii  npriglit  Bpriiig,  as  at  S  and  S'.  The 
piece  of  cliurooul  nearest  tlie  diaphragm  impinges  upon  a  disk 
of  carbon,  which  ia  fastened  to  the  centre  of  the  diaphragm. 
The  primary  wires  of  an  induction  coil  are  attachml  to  the  dia- 
hragm  and  tlie  spring  S.    The  circuit  is  then  conipletcd  throiigh 

e  semi-conductora 

Other  forms  are  shown  in  figs.  261  and  262.  The  former  has 
two  eai'bona,  sejjai'ated  by  a  plate  of  metal  The  latter  has  three 
contiguous  pieces  of  carl>o]L 

Fig.  263  (devised  Sept  21,  1S77)  iUustrates  a  microphones 


Fig,  261. 


Fig,  263. 


aring  ten  plates  of  silk ;  a  mixture  of  dextrine  and  lamp-black 
having  been  jitreviously  worked  into  the  pores. 
I  In  fig.  264  (devised  June  7,  1877),  fifty  disks,  D,  with  iron 
^^roti^xidized  on  tlie  surface,  are  shown  inclosed  in  a  glass  tube 
^H  A  novel  form  of  transmitter  used  by  Mr.  Edison  in  his  ex- 
BJperiments  is  sliown  in  fig.  265  (devised  Aug,  12,  1877).  The 
semi-conductor  is  a  cxjllection  of  small  fragments  of  cork  covered 
with  plumbago.  It  can  be  used  with  or  without  a  diaphragm 
The  instrument  shown  in  fig.  266  (deviset.1  Aug.  24,  1877)  acts 
both  as  a  tninsmitter  and  receiver,  the  latter  fact  being  dis- 
covered l>y  Ifr.  Chas.  Batchelor,  Mr.  Edison  s  assistant  The 
scilid  carbon  of  the  transmitter  is  here  replaced  hy  silk  fibres 
coated  with  graphite.     Its  action  as  a  receiver  is  probably  due 
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to  the  attraction  of  parallel  currents ;  the  volume  of  the  whole 
being  contracted  during  the  passage  of  a  ciuTent  thrtmgh  F. 

In  ifay,  1878^  Mr.  Hughes,  of  London,  published  some  inter- 
esting experiments,  based  upon  Mr.  Edison's  discovery  of  the 
variable  resistance  i>f  solid  conductors  when  subjected  to  pr 
sure. 


%.  263, 


Pig.  264. 


In  fig,  267,  A  is  a  glass  tube  filled  with  a  mixture  of] 
metallic  tin  and  zinc,  commonly  known  aa  white  silver  jx>wder^  I 
This  powder  is  slightly  compressed  by  two  plugs  of  gas  car- 


^g.  2C5 


ir^j,  266, 


bon   inserted  at  the  ends,  tjo  which  are  attached  wires,  hav-^ 
ing  a  battery,  B,  and  galvanometer,  Gr,  in  circuit     The  pluj 
are  cemented  in  their  place  by  being  covered  over  with  ordinarj 
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sealing  wax.  Upon  grasping  this  tube  by  the  two  ends,  and 
giving  it  a  tensUo  strain  by  pulling  them  in  contrary  direc- 
tions, bat  in  a  line  with  its  length,  the  galvanometer  needle 
is  deflected  in  one  direction,  and  on  pushing  the  ends  towards 
one  another,  so  as  to  put  on  a  strain  of  compression,  the  needle 
of  the  galvanometer  is  instantly  deflected  in  the  opposite  direc- 
tion. In  this  case  the  finely  divided  metallic  particles  forming 
the  contents  of  the  tube  are  brought  into  more  intimate  connec- 
tion by  compression,  and  are  more  separated  during  the  opera- 
tion of  extension,  and  thus  the  resistance  of  the  circuit  is  varied, 
increasing  the  current  in  the  first  instance,  and  decreasing  it  in 
the  second  If  this  view  be  correct,  the  movement  of  the  gal- 
vanometer needle  in  the  reverse  direction  cannot  be  called  a 


Fig.  267. 

deflection,  but  a  returning  to  zero,  stopping  at  that  j^osition 
which  represents  the  strength  of  the  cuiTcnt  flowing  through  its 
coils  when  the  tube  is  being  extended.  This  experiment  alone 
would  be  a  remarkable  example  of  the  marvellous  sensitiveness 
of  the  telephone  as  a  detector  of  minute  variations  of  electrical 
force,  for  it  is  hardly  possible  to  conceive  the  minute  increment 
that  takes  place  in  the  length  or  capacity  of  a  glass  tube,  some 
three  inches  long,  when  extended  by  pulling  with  the  fingers.  But 
this  sensitive  tube  is  far  more  delicate  than  is  shown  by  the  last 
named  experiment  So  sensitive  is  it,  that  it  is  capable  of  taking 
up  sonorous  vibrations,  and  by  its  own  vibrations  under  their 
influence  it  transmits  through  an  electric  wire  to  a  distant  tele- 
phone, undulatory  currents  capable  of  reproducing  therein  all 
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tlie  sounds  by  whicli  tLe}^  wei'e  prodaced,  and  witk  even  greati 
perfection  tlian  would  l)e  attained  if  a  tolepbonc  were  tlie  tmns 
mitting  instmment  By  attaching  one  of  these  tubes  to  ii  sraa 
resonating  box,  as  shown  in  fig,  268.  we  have  one  of  the  very 
simplest  electric  articulating  tekphont^a  that  has  ever  heeii  pp 
dnced.  It  consists^  of  nothing  more  than  a  tube  of  glass  fillc 
with  ii  powder  whose  electric  conductivity  run  be  \iuied  by  naria- 
tions  of  compression,  wires  being  led  from  the  two  ends,  aci 
this  little  apparatus  attached  to  a  little  box  opened  nt  one  end 
which  serves  as  the  month  piece  of  the  instmment  Tlie  wii^ 
are  attached  to  a  distant  telephone,  and  have  a  battery  of  th 


Fig,  268. 


small  Daniell  celL^  in  circuit  With  this  simple  telephone  the 
sounds  are  ro  loud  that  it  is  possible  to  sing  into  one  instriimenl, 
and  hear  at  the  same  time  singing  from  a  distant  station  in 
another.  This  duplex  aiTangement  with  a  single  circuit  works 
perfectly,  the  one  communication  in  no  way  interferuig  with  the 
other. 

When  a  stick  of  pure  vegetable  carbon,  such  as  is  used  by 
artists,  is  employed  instead  of  the  tube,  no  effect  is  produced, 
l>ccanse  of  its  very  high  resistance  making  it  to  all  intents  and 
purposes  a  perfect  non-conductor  ;  but  by  heating  it  to  inc-an- 
descence,  and  suddenly  plunging  it  into  a  bath  of  mercury,  it 
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comes  impregnated  with  minuu?  ptirticles  of  that  metal,  and 
m   that   state  can    be   used   almost    as   well    as   the   tube    of 
impound  metallic  powder.     Similarly,   chai'caal   impregnated 
kth  platinum  perchloride  may  be  used  with  advantage^  whether 
in  the  form  of  a  stick  or  as  powder  containe<l  in  a  tube. 

Mr.    Hughes,    in   experimenting   w^th    various    substances^ 
arrivc*d   at  the  conclusion    that    whatever  conductor    is    em- 
Joyed,  it  must  not  be   homogeneous   in  its  nature,  so   that 
icrease  or  decrease  of  pressurCi  by  producing  closer  or  more 
distant  union  between  its  conducting  particles,  has  the  property 
varying  the  strength  of  the  current  tmusniitted,  giving  to  it 


an  ondiilatory  chai'aeten  A  tube  containing  clean  load  shot 
will  exhibit  the  phenomena,  but  after  a  time,  in  consequence  of 
an  insulating  oxide  being  formed  on  the  surface  of  each  shot,  it 
k^eas^  to  convey  the  tmrrent  Possibly  by  immersing  the  shot 
^Hi  a  non-oxidizing  medium^  siieli  as  naphtha,  the  defect  might 
f  he  remedied,  but  far  better  substances  for  the  experiments  can 
■^e  found  than  shot. 

^V  Fig.  269  repi-esents  a  perspective  view  of  a  small  wooden  box 
open  at  one  end,  and  resembling  the  boxes  used  as  resonators  for 
tuning  forks.  A  convenient  size  is  ten  inches  wide,  eighteen  inches 
long  and  seven  inches  deep.  On  this  is  a  small  glass  tube 
open  at  both  ends,  and  fastened  down  with  sealing  wax.     In  the 
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tnbo  are  a  iinmber  of  pieces  of  willow  charcoal  that  have  Ix^n 
metallized  with  iron.  Ti>  prxiparc  this  charcoal,  take  stieka 
(peiicUs)  of  charcoal  and  pack  them  loosely  in  an  iron  box 
with  a  loose  cover,  and  bring  the  box  slowly  to  a  white  heat 
This  tends  to  drive  out  the  water  that  may  be  held  in  the  porvs 
of  the  charcoal,  and  it  is  rcplacod  by  the  vapor  cf  iroii|  so  tha^ 
when  cool,  the  sticks  of  chai'coal  are  loaded  with  iron  and  hate 
a  decided  metallic  ring.  Small  pieces  of  the  metallised  cha^ 
coal  are  placed  in  the  glass  tube  and  closely. pressed  together 
till  it  is  fall  and  a  portion  of  the  cliarcoal  projects  at  either  eud, 
as  shown  in  the  figure.  The  wiit^s  of  a  telephonic  circuit  ore 
wound  round  these  projecting  ends,  and  the  ends  of  the  tuW 


Fig.  2T0. 

are  then  closed  with  sealinf^  wax.  This  apparatus^  simple  as  it 
is,  makes  a  telephonic  transmitter  of  most  remarkable  sensitive- 
ness. On  holding  an  oi^dinary  magneto-electric  telephone  u> 
the  ear  (with  a  battery  in  the  Une)^  the  mere  nibbing  of  the 
finger  on  the  bos,  the  trace  of  a  pencil,  or  the  footsteps  of  a 
house  fly  walking  on  or  near  the  box  will  be  heard  with  perfect 
distinctnesa  So  sensitive  is  this  instrument  that  sounds  that 
cannot  be  heanl  by  the  ear  become  clear  in  the  telephona 

A  watch  placed  on  the  box  gives  all  the  sounds  of  its  works— 
the  grinding  of  the  wheels,  the  sonorous  ring  of  the  spring  and 
the  minutest  tick  of  the  gearing.  Words  spoken  in  the  box 
sound  with  the  power  of  a  trumpet  in  the  telephone,  and  the 
blowing  of  the  breath  resembles  the  roar  of  the  wind  in  a  forest 
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Fig.  270  reprosents  another  form  of  tratiHinitter  based  on  the 
same  juinciples.  A  is  ti  sliort  piece  of  a  carl>nn  point,  such  as  is 
used  in  the  electric  hght,  mounted  by  a  metalUc  ai*in  pivoted  on 


the  upright  Q     There  are  two  of  these  uprights  secured  to  the 
wooden  plate,  one  on  each  side  of  the  stick  of  carbon.     At  D  is 


\ 


X 
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Fi'j,  272. 


^^  small  block  of  the  metallised  charcoal  resting  on  an  insulator 
<  sealing  wax).    X  and  Y  are  the  two  wires  of  a  telephonic  line. 
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This  apparatus  shows  the  effect  of  varying  pressure  on  electrical 
resistance.  On  lifting  tlic  lower  end  from  tbe  mass  of  clma^oal 
the  circuit  is  broken.  Oti  pressing  it  down  on  the  charcoal  the 
electrical  resistance  will  vary  with  the  pressure,  however  mi- 
nute it  may  he.  The  pressure  exerted  by  sonorous  vibrations, 
even  though  they  may  be  caused  by  the  tread  of  a  fly  or  ihe 
pressure  of  a  finger,  cause  so  great  changes  in  the  electrical  sialus 
of  the  line  that  wlien  tlie  telephone  receiver  is  placed  at  the  ear 
these  minute  movements  are  distinctly  heard* 

Fig.  271  represents  a  thin  pine  board  about  six  inches  square, 
placed  upright  on  a  suitable  support.     To  this  are  attached,  by 


Fig,  273. 


means  of  sealing  wax^  two  pieces  of  common  gas  carbcm,  C,  C 
(See  detail  sketch,  fig.  272*)  In  each  piece  is  hollowed  out  a  shal- 
low cupi  and  suppoited  between  them  is  an  upright  spindle  of 
gas  carbon,  A,  the  pointed  ends  just  touching  the  cups.  This 
spindle  is  placed  in  a  telephonic  circuit  by  twisting  the  wire* 
round  the  carbon  cups,  as  shown  in  the  drawing.  Words  spoken 
before  this  sounding  board,  even  at  a  distance  of  several  yard^ 
are  distinctly  heard  in  the  telephone.  These  transmitters,  rougl) 
and  crude  as  they  may  appear,  plainly  show  that  a  most  import* 
ant  advance  has  been  made  in  telephony.  With  instruments  of 
more  delicate  construction,  even  more  remarkable  results  mav 
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yet  be  obtained.  Ordinary  mecbanical  stnietures  which  conuin 
a  good  many  joiot^,  such  urf  a  small  machine  or  a  small  chain 
3ade  into  a  little  heap^  act  almost  aa  well  as  the  substances  to 
irhich  we  have  i^eferred.  In  these  special  cases  the  jvhenorueua 
Ire  probably  due  to  the  electric  current  having  imparted  to  it 
in  uudulatx>ry  character  through  Ijeiiig  transmitted  througli  a 
irircuit  containing  a  number  of  what  the  telegraph  engineer 
irould  call  faults^  which  are  variable  in  their  faultiness, 
khrough  variations  of  pressure  between  the  separate  parts  of  tiie 
inducting  stmctnre.  It  m\ist  seem  strange,  and  yet  it  is  never- 
theless a  fact,  that  if  we  place  two  common  nails  in  a  telephonic 
(circuit  and  insulate  them  from  each  other,  and  then  place  a 
third  nail  upon  them  so  as  to  close  the  circuity  a  capital  trans- 
mitter  is  at  once  made.  The  sonorous  vibrations,  falling  on  the 
nail^  will  be  reproduced  in  the  telephone  with  startling  dlstinct- 
nesa  Fig.  273  sliowssuch  a  tmusmitten  Twocommoti  nuil-s  A, 
ire  fastened  down  to  a  horizontal  boani ;  wires  X  and  Y  am 
'attached  to  them,  leading  to  a  battery,  B,  and  a  telephone  in  sucli 
a  manner  that  the  nails  form  the  onl}"  lireak  in  the  circuit,  which 
can  be  closed  by  lapng  any  conducting  material  across  them* 
IjWhen  a  third  nail  is  laid  across  the  other  two,  it  Ls  clear  that 
(as  a  cylinder  can  only  touch  another  cylinder  whose  axis  is  not 
parallel  with  it  in  a  single  point)  the  electric  circuit  has  a  very 
inii>erfect  connection  at  the  points  of  contact  between  the  nails, 
and  it  is  to  this  faulty  connection  that  the  sensitiveness  of  this 
arrangement  is  due. 

In  the  accounts  which  have  been  publiBhe^l  of  experiments 

Ljwith  the  microphone,  the  statement  has  frequently  1>een  made, 

^Mhat  minute  sounds  are  actually  magnified  by  it,  in  the   same 

^nense  that  minute  objects  are  magnified  by  the  microscope.     A 

little  reflection  will  show,  however,  that  there  is  no  real  analogy 

in  the  action  of  the  two  instniments.   The  sound  that  is  heanl  in 

the  receiving  instrument  of  the  microphone,   when  a  fly  is 

walking  across  the  board  on  which  the  transmitter  is  placed,  is 

not  the  sound  of  the  fly's  foot-teps,  any  more  than  the  stroke  of 

a  powerful  electric  bell,  or  soun«J  "     ip      ' ""   ^  sound  of 


w. 
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the  operator's  fingers  tapping  lightly  and,  it  may  Ije,  inandiWy 
upon  the  key.  This  view  of  the  subject  readily  explains  why  the 
microphone  has  failed  to  realize  the  expectations  of  many  per 
sons,  who,  upon  its  first  exhibition,  enthusiastically  announced 
that  by  its  aid,  we  should  be  able  to  henr  many  sounds  ia  natttre 
which  had  hitheito  remained  wholly  inaudible. 


SHORT   CIRCUITING   TELEPHONES. 

A  number  of  the  telephones  invented  by  >Ir,  Edison  may  be 
classed  together  as  short  circuiting,  or  cut  out  telephoneai  The 
principle  upon  which  they  act  might  thus  be  briefly  stated:  In 
vibrating,  the  diaphiugin  cuts  from  the  circuit  re^istauccsi  which 


*^ 


Fiif.  274, 


are  proportional  to  the  amplitude  of  the  vibrations.  A  transmitter 
constnieted  upon  this  principle  is  shown  in  fig.  274  (devised 
March  20,  1877),  A  lever^  L,  of  metal,  vibrating  in  a  verticil 
plane,  rests  at  one  end  upon  n  strip  of  carbonized  silk,  C,  which 
is  part  of  the  primary  circuit  of  the  induction  coil  L  In  the 
course  of  its  \4brations  tlie  lever  cuts  fi\>ia  the  circuit  parta  of 
the  silk,  the  current  passing  temporaiily  through  the  lever* 

Another,  acting  on  the  same  principle,  but  differing  consider' 
ably  in  constniction,  is  shown  in  fig*  275  (devised  August.  21, 
1877).  A  fine  wire,  W,  of  high  resistance,  is  wrapped  around  a 
cylinder  in  a  spiral  groove.  The  wire  forms  part  of  the  }irimary 
circuit  of  the  coil  Q     A  spring,  S,  of  metxd^  in  the  form  of  an 
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lipse^  is  fastened  at  one  side  to  tlie  diaphragm,  while  the  other 
side  presses  against  the  uninsulated  wire  upon  the  cylinder. 
The  diaphragm,  in  moving  toward  the  right,  flattens  the  spring, 
king  it  impinge  upon  a  greater  number  of  conyolutions  than 
it  would  if  the  motion  were  in  tlio  opposite  direction.  The  tc- 
distance  of  the  circuit  depends,  therefore,  upon  the  position  of 
the  centre  of  the  diajihragm.  The  diaiidvantage  of  this  arrange- 
ment is,  that  either  a  whole  convolution  or  none  at  all  is  sup- 
pressed from  the  circuit,  rendering  the  current  rather  more  inter- 
mittent tlian  pulsatory. 

In  fig.  276  (devised  October  21,  1877),  a  similar  spring  rests 
upon  a  narrow  strip  of  metal,  on  the  surface  of  a  glass  plate. 
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le  film  is  shown  in  perspective  at  F,  and  consists  of  a  fine  strip 
the  silver©!  surface  of  a  mirror ;  the  rest  of  the  burnishe^l 
letal  having  l>een  removed. 

The  action  of  tins  iustniment  is  similar  to  that  of  the  instru- 
aent  shown  in  fig.  274 

Still  another  form  of  short  circtiiting  telephone  is  shown  in 

fig*  277  (devised  Nov,  1,  1877).     A  spiral  spring,  W,  is  wrapped 

^^round  a  cylinder,  the  "iiaphragm  pressing  against  the  last  turn, 

^Bo  that,  in  vil>rating,  the  convolutions  approach  or  recede  from 

^Maeh  other,     A  very  slight  motion  of  the  diaphragm  is  sufficient 

^^o  cause  the  first  few  coils  to  come  together ;  and,  in  generah  the 

number  of  coils  that  thus  touch  each  other  is  dependent  upon 

the  amplitude  of  the  diaphragm  s  motion.     The  wire  is  included 
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ill  tlie  primary  circuit  of  aa  induction  coil,  so  that  the  resistance! 
of  the  circuit  fluctuates  as  the  diaphragm  vibrates.     Tliis  wii 
has  also  been  used  as  tlie  primary  of  tlie  inductioii  coil  it 
with  better  results. 


CONDENSER    TELEPHONEa 


Teleplioues  in  which  static  charge,  instead  of  current  strengtliij 
is  made  to  vary  in  unison  witli  the  vocul  utterances^  have  also] 
l>een  tried  with  success  hy  Mr.  Edison.  The  forms  shown  in  , 
figs,  278  aad  279  (devised  February  9  and  December  10,  1877)J 
differ  only  in  construction,  not  in  principle. 


Fig.  278. 


Fhi.  27». 


The  former  consists  of   a  circular  vocalizuig   cljaml»er  with' 
mouth  piece  at  V.       The  chainher  is  surrounded  with   plates, 
which  are  connected  with  each  other  and   with  the  grountL 
These  plates  are  free  to  vibrate,  and  are  shown  in  the  figure  in 
section,  as  at  P'.     Immediately  behind  each  of  these  stands 
similar  plats  as  at  P,  held  at  its  centre  by  an  adjusting  screw  J 
The  outside  row  of  plates  are  electrically  conne*i.'ted  with  each  ] 
other  and  with  the  battery  which  goes  to  lina     When  the  iusidei 
n:>w  of  plates  vibrates  under  the  iniluence  of  a  sound,  the  distance^ 
between  the  plate  varies  and  changes  their  static  capacity* 
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In  fig.  279  the  plates  are  arranged  as  in  the  ordinary  form 

f  condenser.     An  initial  ]>ressure  is  put  upon  them  by  a  screw 

earing  in  the  solid  frame  of  the  instrument     The  diaphragm, 

in  vibrating,  varie:^  the  distance  between  the  plates  ;  this  altem 

their  static  charge  and  affects  also  the  electric  teiisiou  of  the  line- 

The  resistance  of  a  conductor  is  dependent  upon  its  shape. 

If  an  isometric  block  of  metal  be  drawn  out  into  a  wire,  its  re- 

Ksidtaiioe  may  be  indefinitely  increased     This  fact  lies  at  the 

^^basis  of  several  ingenious  telephones  invented  by  Mr.  Edison, 

The  one  sliown  in  fig,  280  (devised  August  17,  1877)  is  of 

;oeedin^y  simple  construction,      A  globule  of  mexcury,  M, 

'st3  upon  a  slightly  concave  plate  of  metal,     A  needle  from 

;he  diaphragm    indents   its  #ippcr    surface,  an^l   as  it   vibrates 
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ay  alters  the  shape  of  the  globule.     This  alteration,  though 
edingly  small,  is  sufficient  to  vary  the  resistance  of  the  tele- 
phonic cuirent  considenihly. 

It  is  a  pecuUar  characteristic  of  a  globule  of  mercury  that  it 
ehangcs  its  original  shape  during  tlie  passage  of  a  current 
irougli  it  Mr.  Edison  1ms  made  an  application  of  this  phenom- 
Bna  in  the  telephone  receiver  shown  in  fig.  281  (devised  August 
119,  1877).  The  globule  of  mercury^  M,  is  placed,  together  with 
conducting  solution,  in  a  IT  shaped  tube.  The  currents  fi-om 
a  transmitter,  passing  through  the  contents  of  the  tube,  elongate 
the  mercury.  This  agitates  the  liquid  and  vibrates  the  float  F, 
whicli  IS  fastened  to  the  centre  of  the  dntphragnL 
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the  voltaic  file  telephone, 

We  have  shown  in  fig.  282  (devised  August  25,  1877)  an 
instrmnent  known  as  tbe  pile  telephone,  A  pieee  of  cork,  K, 
fastened  to  the  diaphnigm,  presses  upon  a  strip  of  platmum  which 
is  Mttaehed  to  a  plate  of  copper  The  latter  is  one  of  the  termi^ 
nal  plates  of  an  ordinary  voltaie  pile.  The  other  terminal  plate 
presses  against  the  metallic  frame  of  the  instrument  When  the 
pile  is  i Deluded  in  a  closed  telephonic  circuit  it  fumiBhea  a  coa- 
tinuoiJLs  current  The  strength  of  this  current  depends  upou 
the  internal  resistance  of  the  pile  and  its  polarization,  and  tliest* 
are  varied  by  \nbrating  the  diaphi-agm. 


Fig.  282. 
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A  convenient  and  peculiar  form  of  receiver  used  by  Mr.  Edison 
is  shown  in  fig.  283  (devised  August  30,  1877>  It  is  like  the 
ordinaiy  magneto  telephone,  except  that  the  circular  diaphragm 
is  replaced  by  a  strip  of  thin  iron^  the  edge^  having  been  bent  so 
as  to  render  it  stiff.  We  niention  it  simply  because  it  demon- 
strates the  fact  that  it  is  not  essential  that  a  circular  diaphragm 
be  used, 

A  novel  and  purely  raechanienl  telephone  is  illustrated  by 
fig.  284  (devised  August,  1877).  In  place  of  a  line  wire^  the 
illuminating  gas  contained  in  gas  pipes  is  used     It  is  calculated 
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for  sl;ort  distances  only,  as  it  is  essential  that  the  gas  used  in 
communicating  offices  should  bo  drawn  from  the  same  main 
pipe.  In  the  figure,  P  is  the  main  pipe.  The  telephones  are 
represented  at  T  and  T\  The  instrument  is  merely  a  cone  fast- 
ened by  its  apex  to  the  gas  pipe  in  place,  of  the  burner.  The 
larger  end  is  closed  by  a  thin  circular  diaphragm.  The  vibra- 
tions are  conveyed  from  one  diaphragm  to  another  through  the 
medium  of  the  gas. 

The  phonograph  and  telephone,  when  combined,  form  an  in- 
strument known  as  the  telephonograph,  of  which  fig.  286  (de- 
vised August  17,  1877)  is  a  representation.  The  drum  of  the 
phonograph  is  shown  in  section.  The  diaphragm,  instead  of 
being  vibrated  by  the  voice,  is  vibrated  by  the  currents  which 
traverse  the  helix  11,  and  which  originate  at  a  distant  station. 


a 
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Fig.  284. 

The  object  of  the  instrument  is  to  obtain  a  record  of  what  is  said 
at  the  distant  office,  which  can  be  converted  into  sound  when 
desired. 

THE   MOTOGRAPH. 

The  motograph  receiver,  from  which  we  have  been  accustomed 
to  hear  sounds  almost  destitute  of  quality,  has  by  a  little  modi- 
fication become  an  articulating  telephone. 

It  works  quite  well  in  conjunction  with  the  Edison  carbon 
transmitter.  In  fig.  286  (the  form  shown  was  devised  Novem- 
ber 23,  1877)  the  back  of  the  motograph  receiver  has  been  re- 
moved, showing  its  construction.  Within  the  drum  D  is  con- 
tained the  decomposing  solution,  and  the  covering  surrounding 
the  drum  is  kept  constantly  moist  by  capillary  action.  A  me- 
tallic spring  attached  to  the  centre  of  the  diaphragm  rests  upon 
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tlie  drum.     While  receiving,  the  drum  is  revolved  hy  turning 
the  milled  screw  at  A. 

Mr.  Edisoa's  musical  tmnsmitter  is  shown  in  fig.  287.     The 


point  P^  projecting  from  llie  centre  of  the  diaphragm,  impinges 
upon  a  wrapping  of  platinafoil  covering  a  small  drum  of  rubber, 
capable  of  adjustment  by  a  thumb  screw, 


Fig.  287. 


THE   CARBON   RHEOSTAT. 


A  very  important  application  of  the  propei'ty  possessed  by 
semi-conductors,  of  changiDg  their  resistance  under  varying  pres- 
sure,  is  shown  in  fig,  288-     The  cuts  represent  the  new  Edison 
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carbon  rheostat  The  instrument  is  designed  to  replace  the 
ordinaiy  adjustable  rheostats  whenever  a  resistance  ia  to  be 
inserted  in  a  telegraph  line,  as,  for  example,  in  balancing 
qiiadiniplex  circuits,  and  where  accuracy  is  not  required, 

Figi  289  13  a  verticid  section.  It  shows  a  hollow  cylinder  of 
^nilcanit^,  containing  fifty  disks  of  silk  that  liave  been  satumted 
with  sizing,  and  well  filled  with  fine  plumbugo  and  dried.  These 
are  surmounted  by  a  plate  of  metal,  C,  which  can  b©  raised  or 
lowered  by  turning  the  screw  D.    The  carbon  disks  can  thua  be 
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subjected  to  any  degree  of  pressure  at  pleasure.     When  inserted 
in  the  line,  it  is  a  matter  involving  no  loss  of  time  to  obtain  any 
i  desire<i  resistance.      Tlie  resistance  can  be  varied  from  four 
hundred  to  six  thousaod  ohms. 


I 


THE   MICRO -TASIMETEIL 


The  micro-tasimeter  is  the  outcome  of  Edison  s  experiments 
with  bis  carbon  telephone.  Ha'^nng  experimented  with  dia- 
phragms of  various  thickness,  he  ascertained  that  the  best 
results  were  secured  by  using  the  thicker  diaphragms.    At  this 
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Stage  he  experienced  a  new  difficulty.     So  seositive  was  the 
carbon  button  to  changes  of  condition,  that  the  expansion  of  \h^ , 
rubber  telephone  handle  rendered  the  instrument  inanicuUt^^J 
and  finally  inoperative.     Iron  handles  were  subsatuted,  with 
similar  result,  but  with  the  additional  feature  of  musical 
creaky  tones  distinctly  audible  in   the  receiving  instrumentb] 
These  sounds  Edison  attributed  to  the  movement  of  the  mole 
cules  of  iron  among  themsehes  ^luring  expansion.     He  caL 
them  molecular  music      To  avoid  these  disturbances  in  theJ 
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telephone,  the  handle  was  dispensed  with^  but  it  had  done  a 
great  service  in  I'evealing  the  extreme  seiusitiveneas  of  the  carbon 
button,  and  this  discovery  o{>ened  the  way  for  the  inventioii  of 
the  new  and  wonderful  instrument. 

The  micro-tasi meter  is  represented  in  perspective  in  figs,  290 
and  291  y  in  section  in  fig.  202,  and  the  plan  upon  which  it  is] 
arranged  in  the  electric  circuit  is  shown  in  fig.  293, 

The  instrument  consists  essentially  in  a  rigid  iron  frame  for 
holding  the  carbon  button,  which  is  placed  between  two  platinuTn 
gurfaces,  one  of  which  is  fixed  and  the  other  movable^  and  in  a  i 
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device  for  holding  tlia  object  to  be  tested,  so  that  the  pressure 
rei=mltirrg  from  the  expansion  of  the  object  acts  upon  the  carbau 

Two  stout  poats<i,  A,  B,  project  from  the  rig"id  biise  piece  C, 
A  vulcanite  disk,  D^  is  seemed  to  the  post  A^  by  the  platinum 


Figs.  291,  292,  293. 

beaded  screw  E,  the  head  of  which  rests  in  the  bottom  of  a 
shallow  circular  cavity  in  the  centre  of  the  disk.  In  this  cavity, 
and  in  contact  with  the  head  of  the  screw  E^  the  carbon  btitti>D 
F  is  placed.      Upon  the  outer  face  of  the  button  there  is  a  disk 
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of  platuiiLm  foil,  which  is  in  electrical  communication  witli  the 
battery.  A  metallic  cup,  G,  is  pltice<i  m  contact  with  the  plati- 
nurn  disk  to  i\!ceive  one  end  of  the  strip  of  whatever  material  is 
em]»loyed  to  operate  the  instrument 

The  po5?t  B  is  about  four  inches  fi-nm  the  post  A,  and  con- 
tains a  screw  acted  follower,  II|  that  c;irrie3  a  cup^  I,  between 
which  and  the  cup  G  is  placed  a  strip  of  any  substance  whose 
ex|»au9ibility  it  is  doi^ircd  to  exhibit.  The  post  A  is  in  electrical 
communication  with  a  galvanometer,  and  the  galvanometer  is 
connected  with  tbe  battery.  The  strip  of  the  substance  to  be 
tested  is  put  under  a  small  initial  pressure,  which  deflects  the 
galvanometer  needle  a  few  degi-ees  from  the  neutral  point 
Wlien  the  needle  comes  to  rest,  its  position  is  noted.  The  slight- 
est subsequent  expansion  or  contraction  of  the  strip  will  be 
indicated  by  the  movement  of  the  galvanometer  needle,  A  thin 
strip  of  hard  nibber,  placed  in  the  instrument,  exliibits  exU'cme 
sensitiveness,  being  expanded  by  heiit  from  the  hand,  so  as  to 
move  through  several  ilegrees  the  needle  of  a  very  ordinary 
galvanometer,  which  is  not  affected  in  the  slightest  degree  by  a 
thermopile  facing  and  near  a  red  hot  iron.  The  hand,  in  this 
experiment,  is  held  a  few  inches  fmin  the  rubber  strip.  A  strip 
pi  mica  is  sensibl  >^  affeijted  .by  the  heat  of  the  hand,  and  a  strip 
gelatine,  placed  in  the  instrument,  is  instantly  expanded  by 
moisture  fi^om  a  dampened  piece  of  paper  held  two  or  three 
inches  away. 

For  these  experiments  the  instrument  is  arranged  as  in  fig, 
291,  but  for  more  delicate  operations  it  is  connected  with  a 
Thomson's  reflci^ting  galvanometer,  and  the  current  is  regulated 
by  a  Wheatstone  s  bridge  and  a  rheostat,  so  that  the  resistance 
on  both  sides  of  the  galvanometer  is  equal,  and  the  light  pencil 
from  the  reflector  falls  on  O'^  of  the  scale.  This  arrangement  is 
shown  in  fig.  290,  and  the  principle  is  illustrated  by  the  diagram, 
293.     Here  the  galvanometer  is  at  ^,  and  the  instrument 

hich  is  at  t  is  adjusted,  say,  for  example,  to  ten  ohms  reeastance. 
At  a,  b  and  c  the  resistance  is  the  same.  An  increase  or  dimi- 
nution of  the  pressure  on  the  carbon  button  by  an  infinitesimal 
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expansion  or  contraction  of  the  substance  under  test  is  mdh 
on  the  scale  of  the  galvanometer. 

The  carbon  button  may  be  compared  to  a  valve,  for,  when  it 
is  compressed  in  the  shghtest  degree,  its  electricid  c<^nducti\ 
is  increased,  and  when  it  is  :tnowp<l  to  expand  it  partly  I05 
conducting  power. 

The  heat  from  the  hand,  Leld  six  or  eight  inches  from  a  \ 
of  \Tilcanite  placed  in  the  instnmient — when  arranged  as  1^ 
described^ — is  suiBeient  to  deflect  the  galvanometer  mirror  so  j 


F^g.  204. 

to  throw  the  light  l^eam  completely  off  the  senile,     A  cold 
placed  newr  the  vulcanite  strip  will  carry  the  light  beiim  in  ^ 
opposite  direction. 

Presi?iu-e  that  i.^  inappreciable  and  undiscoverable  by  othe 
means  is  distinctly  indicated  by  this  instrument 

Mr.  Edison  proposes  to  make  application  of  the  principle  < 
this  instrument  to  numljcrless  j>urpijses,  among  which  aw  <lijli- 
'  cate  thermometers,  barometers  and  hygrometei's. 

Fig.  294  shows  in  perspective  the  latest  form  of  the  Ldi^ 
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micro-tasimeter,  or  measurer  of  infinitesimal   pressure.      The 
value  of  tlie  instninient  lies  in  its  ability  to  detect  small  varia-  [ 
*tioiis  of  temperature. 

This  is  accomplished  indirectly.  The  change  of  temperature 
uses  expansion  or  coutraetictn  of  a  rod  of  vulcanite,  or  other 
material  which  changes  the  resistance  of  an  electric  circuit,  by 
vaiying  tho  pressure  it  exerts  upon  a  carbon  button  included  iti 
ithe  circuit  During  the  total  ech'pse  of  the  sun,  July  29,  1878, 
it  successfully  demonstrated  the  existence  of  heat  io  the  corona. 
It  is  also  of  service  in  ascertaining  the  relative  expansion  of 
substance  due  to  rise  of  temperature. 


H  In  fig.  295  tlie  irapoitant  i)arts  are  represented  in  section, 
^^ordiug  an  insight  into  its  construction  and  mode  of  operatioiL 
The  substance  whose  expansion  is  to  be  measured  is  sliown 
at  A,  It  is  firmly  clumped  at  B,  its  lower  end  fitting  into  a  slot 
in  the  metal  plate  M,  wliich  rests  upon  the  cm^bon  laitton.  Tlie 
latter  is  in  an  elei:tric  circuit,  which  includes  also  a  delicate  gal- 
vanometer Any  variation  in  the  length  of  the  rod  changes  the 
pressure  ujion  the  carbon  and  alters  the  resistance  of  the  circuit 
This  causes  a  deflection  of  the  galvanometer  needle ;  a  movement 
one  direction  denoting  expansion  of  A,  while  aa  opposite 


Fig.  295. 
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motion  signifies  contraction.  To  avoid  any  deflection  whio 
might  arise  from  change  in  strength  of  battery,  the  tasimeie 
is  inserted  in  an   arm   of   the   Wheatstoiie  bridge,   wUiJe^ 

Ivanometer  is  used  in  the  bridge  wire  of  the  same. 

In  order  to  ascertain  the  exact  amount  of  expansion  in 
rnals  of  an  inch,  the  screw  S^  seen  in  front  of  the  dial,  is  tnrn*:^ 
until  the  deflection  previously  caused  by  ihe  change  of  temi)er 
ture  is  reproduced.  Tlic  screw  works  a  second  screw,  causini 
the  tckI  to  ascend  or  descend,  and  the  exact  distance  throug| 
which  the  rod  moves  is  indicated  by  the  needle  N,  on  the  dia 

The  instrument  can  also  be  advantageously  aised  to  measi 
changes  in  the  humidity  of  the  atmosphera     In  this  case  tbe^ 
strip  of  vulcanite  is  replaced  by  one  of  gelatine,  which  cliarjg^ 
its  volume  by  absorbing  moisture.    The  delicacy  of  the  apju 
nitus  to  heat  is  remarkable,  and  far  exceeds  that  of  any  othe 
apparatus.     When  adjusted  moderately  delicate,  tlie  he^it  of 
hand  placed  in  line  with  the  cone  of  the  tasimeter  thirty  feet  dia 
mt,  causes  the  spot  of  light  of  the  gal vanometer  to  leave  tbd 

lie. 

THE  AEROPHONE. 

The  aerophone,  an  invention  of  Mn  Edison  s  for  araplifyiDg 
sound,  has  already  attmcted  considerable  attention,  though 
yet  it  has  not  teen  perfected. 

Its  object  is  to  increase  the  loudness  of  spoken  wonls  withouti 
impairing  the  distinctness  of  the  articulation. 

The  working  of  the  instrument  is  as  fullows: 

The  magnified  sound  proceeds  from  a  large  diaphragm,  whic 
is  vibrated  by  steam  or  compressed  air.  The  source  of  power  is! 
controlled  liy  the  motion  of  a  second  diiiphmgm  vibrating  undefl 
the  influence  of  the  sound  to  be  miignitied. 

There  are  thi^ee  distinct  parts  to  the  instrument : 

A  source  of  power. 

An  instrument  to  control  the  jx)wer. 

A  diaphragm  vibmting  under  the  influence  of  the  powerJ 

The  first  of  these  is  usually  compressed  air,  supplied  from  a 
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^k.    It  is  i^MHKy  ^^^^  ^^  should  be  of  constant  pressure* 

The  second,  ghown  in  section  at    fig.  296^  consists  of  a  dia- 

phrngm  and  mouth  piece  Hke  those  used  io  tlie  telephone.     A 

hollow  cyUnder  is  attached  by  a  rod  to  the  centre  of  the  dia- 

phragm.     The  cylinder  and  its  chamber  E  will,  therefore,  vibrate 


Fig.  296. 

with  the  diaphragm.  A  downward  movement  lets  the  chamber 
coramuuicate  with  the  outlet  11^  an  upward  movement  with  the 
outlet  G.  ^rhe  compressed  air  enters  at  A  and  fills  the  chamber, 
which  in  its  normal  position  has  no  outlet  Every  downward 
vibration  of  the  diaphragm  will  thus  condense  the  air  in  the 


Fig,  297. 

ipe  C,  at  the  same  time  allowing  the  au*  in  B  to  escape  via  F. 
An  upward  movement  condenses  the  air  in  B,  but  opens  L 

The  third  and  hist  paH  is  shown  in  section  in  fig.  297.     It 

Iconsists  of  a  cylinder  and  pistuii,  P;  like  that  employed  in  an 

ordinary  engine.     The  piston  rod  is  attached  to  the  centre  of  a 
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large  diaphragm,  D.  The  pipes  C  and  B  are  continuatioDs  of 
those  designated  in  fig,  34  by  the  same  letters  The  pijm  C 
communicates  with  one  chamber  of  the  cylinder  and  B  with  tbe 
other.  The  piston,  moving  under  tbe  influence  of  the  compressal 
air,  moves  also  the  diaphragm,  its  vibrations  being  in  number 
and  duration  identical  with  those  of  the  diaphragm  in  the  mouth 
piece. 

The  loudness  of  the  sound  emitted  through  the  directing  tube 
F  is  dependent  on  the  size  of  the  diaphnigm  and  the  power 
which  moves  it.  The  former  of  thorn  is  made  very  large,  aud 
the  latter  can  be  increased  to  many  hundred  }x>unds  pressait!!. 


THE   HABMONIO   ENGINE. 

This  instrument  is  shown  in  fig.  298.  Mr.  Edison  claims  that 
ninety  per  cent  of  the  power  derived  fmm  the  batteiyis  utiliOTd 
through  its  agency.  The  chief  part  of  the  machine  is  a  ttming 
fork  of  large  dimensions,  vibrating  about  thirty-five  times  a 
second,  and  carrying  on  each  arm  a  weight  of  thirty-five  pounds. 
The  arapHtude  of  the  vibration  is  about  one  eighth  of  an  inch, 
and  the  vibrations  are  sustained  by  means  of  two  very  small 
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electro-magnets  placed  near  the  end  of  each  arm.  These  magnets 
are  connected  in  circuit  with  each  other  and  with  a  commutator 
worked  by  one  of  the  arms. 

Small  branches  extend  from  the  fork  arms  into  a  box  con- 
taining a  miniature  pump  having  two  pistons,  one  attached  to 
each  arm.  Each  stroke  of  the  pump  raises  a  very  small  quan- 
tity of  water,  but  this  is  compensated  for  by  the  rapidity  of  the 
strokes.     Mr.  Edison's  proposal  is  to  compress  air  with  the  har- 


monic engine,  and  use  it  as  a  motor  for  propelling  sewing  ma- 
chines and  other  light  machinery.  It  appears  to  bo  considerably 
in  advance  of  other  electric  engines,  and  through  its  agency 
electricity  may  yet  become  a  valuable  motive  power. 


THE   MEGAPHONE. 


One  of  the  most  interesting  experiments  made  by  Mr.  Edison 
in  his  researches  on  sound  is  that  of  conversing  through  a 
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distance  of  one  anil  a  half  to  two  miles,  with  no  other  apjmratus 
than  a  few  paper  funnels.  These  funnels  constitute  the  niega- 
plione,  figs.  299  and  SCO,  an  instrument  wonderful  both  for  its 
simplicity  and  effectiveness.     The  two  larger  funnels  are  six 

■  feet  eight  inches  long,  and  twenty-seven  and  a  half  inclies  in 
diameter  at  the  larger  end.  They  are  each  provided  with  a 
flexible  ear  tube,  the  end  of  which  is  placed  in  the  ear. 

The  speaking  tnimpct  in  the  middle  do*3s  not  differ  materially 
from  the  ordinary  ones.  It  is  a  little  longer  and  has  a  larger 
bell  moutk  With  this  insti-nment  conversation  has  bi>en  carried 
on  tlirough  a  distance  of  one  and  a  half  to  two  miles  in  an  ordi- 
nary tone  of  voica  A  low  whisper,  uttered  without  using  the 
speaking  trumpet,  is  distinctly  audible  at  a  distance  of  a  thou- 
sand feet,  .and  walking  through  grass  and  weeds  may  be  heard  at 
a  much  greater  distance, 

Mr.  Edison  is  experimenting  upon  an  apparatus  for  the  benefit 

Hof  the  deaf.     The  results  thus  far  have  been  quite  satisfactory, 

and  he  hopes  soon  to  have  a  jiractieal  apparatus  for  introduction 

to  the  public.     Tlie  principal  drawback  at  present  is  the  large 

■size  of  the  apparatus. 
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By  means  of  this  apparatus  of  ^fM,  Ducretet  &  Co.,  of  Paris, 
the  feeblest  pulsations  of  the  heait,  pulse  and  arteries  may  be 
heard  in  several  telephones  placed  in  circuit  It  is  a  very  deli- 
cate instrument,  and  exquisitely  sensitive,  and  this  is  its  fault,  if 
it  has  any. 

Two  tambours,  sucb  as  devised  by  M.  Mavey,  are  couple<l  to 
a  microphone  (fig,  rSOl);  one  of  these^  T,  acts,  through  the  medium 
of  the  india  rubber  tube  which  unites  them,  upon  the  tambour 
T,  and,  conse^juently,  on  the  lever  microphone  L,  the  sensitive- 
ness of  which  can  be  regulated  by  the  counterpoise  P  0*  The 
microphone  terminates  in  a  pencil,  C,  formed  of  ret-ort  carbon  or 
of  plumbago,  which  rests  on  a  disk  of  the  same  material  fixed  on 
the  receiving  tambour.     The  whole  forms  a  complete  circuit,  in 
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which  is  a  Daniell  or  Leclanche  battery  of  one  to  three  elements, 
and  the  telepbonos  through  which  am  heard  the  pulsation 
the  8eurchmg  tumbour  T. 

This  microphone  is  susceptible  of  modification,  and  will  un-i 
rloubtedly  be  the  means  of  more  extended  iihystological  obser- 
vations.     B3'  substituting  a  small  funnel  for  the  tiimbour  T^J 
speech  may  be  ti-ansmitted. 


Mr.  Edison,  in  his  telephonic  experimente,  discovere<l  that  lh« 
vibrations  of  the  vocal  organs  were  capable  of  producing  con 
siderable  dynamic  effect  Acting  on  this  hint,  he  l>egan  experi- 
ments on  a  phonomoter,  or  instrument  for  measuring  the  me- 
chanical force  of  sound  waves  produced  by  the  human  voica  In 
the  coui'se  of  these  experiments  he  constructed  the  machine 
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shown  in  fig,  302,  which  exhihits  the  djTiamic  force  of  the  voice. 
Tlie  instrument  hm  a  diaphragm  and  mouth  i>ieee  siinilai*  to  a 
phonograpli.  A  springi  whicli  ia  secured  to  the  bed  piece,  rests 
ou  a  piece  of  nibber  tubing  placed  against  the  diaphragm.  This 
spring  carries  a  pawl  that  acts  on  a  ratchet  or  roughened  wheel 
on  tbc  fly  wheel  sbaft  A  sound  made  in  the  mouth  piece 
creates  vibrations  in  the  diaphragm,  which  are  sufficient  to  pro- 
pel the  fly  wheel  with  considerable  velocity.  It  requires  a  sur- 
prising  amount  of  prcssum  on  the  fly  wheel  shaft  t^:)  stop  the 
machine  while  a  continuous  sound  is  made  in  the  mouth  piece. 

We  have  already  referred,  on  page  36  and  elsewhere,  to  the 
later  improvements  luade  by  Mr.  Edison  in  the  carbon  tele- 
phone. The  subject,  however,  has  by  no  means  been  exhausted, 
and  we,  therefore,  return  to  its  reconsideration  the  more  wil- 
lingly now,  as  the  op|x>rtunity  tlms  afforded  enables  us  to  say 
a  few  words  a1s<:»  in  reganl  to  the  improved  magneto  telephone-s 
which  Mr.  Phelps  constructs  for  working  in  connection  with  the 
carbon  transmitter. 

The  continued  use  of  these  improve^l  transmitters,  in  a  practi- 
cal way,  for  a  number  of  months  past,  has  shown  them  to  be  the 
best  adapted  of  any  of  the  forms  now  in  use  for  real  effective 
service ;  and  if  the  necessary  use  of  a  battery  io  connection  with 
them  is,  after  all,  so  much  of  an  inconvenience  as  some  would 
imagine,  their  rapid  introduction,  in  spite  of  this  fact,  and  to  the 
exclusion  of  other  instruments,  is  sufficient  evidence  that  the 
above  mentioned  drawback  is  fully  compensated  for  by  corre- 
J5 ponding  a<l vantages  in  other  directions. 

On  page  36  it  has  been  stated  that  in  the  more  recent  forms 
of  the  carbon  telephone  Mr,  Edison  had  done  away  with  the 
vibrating  diaphragm  altogether,  replacing  the  same  by  an  in- 
flexible plate  of  metal,  whuse  sole  function  was  to  collect  and 
c^oncentrate  a  larger  portion  of  the  sonorous  waves  upon  the 
limited  carbon  surface. 

This  form  of  transmitter  is  shown  in  flg.  303.  The  prepared 
carbon,  represented  at  C,  is  contained  in  a  hard  rubber  block, 
open  clear  through,  so  that  one  side  of  the  former  is  made  to 
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[rest  upon  the  metallic  part  of  the  frame  which  forma  one  of  the 

[connections  of  the  circuit  The  opposite  side  of  the  carbon  is 
covere<l  with  a  circular  piece  of  platinum  foil^  P,  wliich  leads  to 
a  binding  ponfc  insulated  from  the  frame,  and  forming  the  other 
connection  for  placing  tlie  instrument  in  circuit  A  glass  disk, 
G,  npon  which  is  placed  a  projecting  knob,  A,  of  aluminum,  is 
glual  to  the  foil ;  and  the  diaphragm  D^  connecting  with  the 

•■  knol-s  serves,  when  spoken  against,  to  communicate  the  resulting 
pressure  to  tho  carlx)n.  A  substantial  metallic  frame  surrounds 
the  carbon  and  its  connections,  and  their  complete  protection 
against  injury,  lo  which  they  are  liable  from  cai-eless  Landliag, 

f  is  thereby  secured 


I 


Fig.  303, 

The  same  instrument,  in  perspective,  is  shown  in  fig.  304, 
mounted  upon  a  projecting  arm  with  a  joint  at  each  end,  only 
one  of  which,  however,  is  shown  in  the  cut  The  lower  end  of 
the  ai*m  is  secured  by  means  of  the  joints  to  a  desk  shown 
in  fig  305,  and  thus,  as  will  readily  be  seen — the  motion  being 
in  a  vertical  direction — ^  permits  of  placing  the  telephone  in 
a  convenient  position  for  speaking  purposes,  and,  consequently, 
rendering  it  easily  adapted  for  the  accommodation  of  persons  of 
various  heights. 
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The  Edison  telephone,  it  should  be  distinctly  understoocK 
relies  wliolly  u^kju  the  battery  for  its  power^  timl  not  upoD  the 
voice,  as  is  the  case  with  other  telephonea  Consequently,  it  is 
unnec^ssaiy  to  shout  into  the  apparatus,  and  thus  destroy  the 
privacy  of  conversation.  All  that  ia  required  is  that  the  words 
should  be  spoken  distinctly  and  in  an  ordinary  tone  of  voice 

One  great  drawback  to  the  universal  introduction  of  the  tele* 
phone,  that  has  thus  far  been  experienced,  is  the  disturbing 
influence  of  current  pulsations  in  neighboring  couductoi's  when 
the  latter  are  in  use^  and  which  pi^oduces  a  rattling  noise  within 
the  telephone.     This  phenomenon,  to  which  wo  have  before 


referred,  under  the  head  of  induction,  page  23,  and  elsewhere, 
is  effectually  overcome  by  using  the  Edison  telephone,  as  ihe 
power  of  this  instrument  is  so  great  that  it  can  be  operated  with 
perfect  success  on  lines  having  the  greatest  amount  of  inductive 
action,  and  where  no  other  form  could  be  used. 

Figs,  306  and  307  represent  two  forms  of  the  magneto  tele- 
phone, as  devised  by  Mr,  Phelps,  whi<'h  give  surprisingly  good 
.results,  both  when  used  singly  and  in  combination  with  the  Edi- 
son  transmitter.  In  shape  they  somewhat  I'esemble  a  single  and 
double  crown,  and  owing  to  this  fact^,  have  been  designated 
respectively  single  and  double  crown  instrumenta 
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The  single  crown  telephone,  fig.  306^  is  composed  of  the  ordi- 
a^RTv  diaphragm,  electro-Tnagtiet^  or  soft  iron  pole  piece^  and 
leveml  steel  bars  that  have  previously  been  rendered  permanently 
magnetia  Six  (being  the  usual  numtjer)  of  these  permanent 
mjignetB,  bent  into  a  circular  form,  arc  used  in  this  instrument  in 
place  of  the  single  magnet  emplo3^cd  in  other  magneto  tele- 
phones. These  have  their  Hke  poles  joined  to  one  end  of  the 
core  which  carries  the  magnetizing  helix,  and  radiate  from  it  in 


Pig,  306. 

as  many  different  directions.  The  opposite  poles  are  Joined  to 
the  periphery  of  the  diaphragm,  which  is  contained  in  a  polished 
case  of  hard  rubber,  and  faces  the  free  end  of  the  soft  iron  coir. 
The  double  crown  instrument  is  shown  in  fig,  307,  and,  as 
will  be  seen,  consists  of  two  single  crown  telephones  joined 
together,  with  a  common  vocalizing  chamber  between  them.  Tlie 
coils  on  each  of  the  cores  are  connected  in  such  a  way  that  tlie 
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currents  generated  in  tliem,  when  the  diaphragms  are  made 
to  vibrate,  mutually  strengthen  each  other^  or,  when  uaed  in 
combination  with  the  Edison  tniusmitter,  that  the  action  of  tlie 
pulsating  current  fn  each  coil  contributes  to  a  single  result,  and 
thus  enhances  the  effectiveness  of  the  apparatus,     * 

Some*  idea  of  the  perfornianee  of  these  improved  instruments 
will  be  conveyed  by  mentioning  the  results  obtained  at  a  recent 
exhibition  of  them  in  the  Sunday  school  room  of  Dr.  Welk' 
charL'h,  Brooklyn.  Mr.  Kdison's  carbon  transmitter  was  used  for 
sending  and  Mr.  Phelps'  single  crown  telephone  for  receiving. 


^(J 


Fig.  306. 

The  sound  was  also  reenforced  at  the  receiving  end  by  the  use  of  a 
large  paper  cone^  whose  smaller  extremity  was  held  to  the  mouth 
piece  of  the  instrument.  The  circuit  extended  from  the  rem* 
dence  of  Dr.  Wells,  near  the  church,  to  the  lecture  room.  Speeclj 
from  the  telephone  was  distinctly  heard  in  all  parts  of  the  room 
by  an  audience  of  about  three  hundred  persons,  while  the  Bing- 
ing  of  a  vocal  quartette^  solo  singing,  and  guitar  playing  were 
transmitted  with  surprising  clearne^is  and  loudneaa  It  should 
be  observed,  moreover,  that  the  performance  in  this  case  was 
very  difierent  from  the  so  called  musical  telephones,  bj  means  of 
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which  only  the  pitch  and  rhythm  of  the  notes  are  distinguished, 
the  tone  always  resembling  that  of  a  i>enny  trumpet  In  this 
instance,  the  quality  of  the  tone,  which  is  the  real  life  of  music, 
was  exactly  reproduced*  Tliis  is  one  of  the  characteristias  of  the 
magneto  telephone  ^ — everything  is  faithfxilly  reproduced.  Dn 
Wells  addi-essed  the  audience  from  his  parlors  through  the  tele- 
phone, and  not  only  was  he  clearly  understood,  but  his  voice  was 
also  instantly  recognised. 

Fig.  308  shows  a  convenient  way  of  arranging  the  telephone 


Fig.  307. 

paratus  for  shop,  counting  mom,  and  various  other  purposes. 

n  Edison  carbon  telephone  jointed  to  a  projecting  arm,  so  as 
to  be  capable  of  movement  in  different  directions  to  suit  the 
operator,  senses  as  the  transmitter,  and  the  Phelps  crown  instru 
ment  as  the  receiver,  the  call  being  given  by  an  ordinary  tele 
graph  sounder  and  a  key  for  interrupting  the  circuit 

The  switch  shown  at  the  back  serves  for  putting  the  telephone 
in  and  out  of  circuit  The  small  induction  coil  used  with  the 
apparatus  is  placed  beneath  the  desk  and  in  a  position  where  it 
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is  not  liable  to  daraaga  When  the  switcli  is  turned  as  rep- 
resented in  the  cut,  the  apparatus  is  in  the  proper  condition  for 
speaking  purposes.  When  it  ia  turned  to  the  opposite  buitona, 
which  is  its  normal  position  when  not  in  use,  the  telephoties  are 
cut  out  of  circuit,  the  sounder,  battery  and  key  alone  being  then 
included  By  depressing  the  key  now,  which  in  the  normal 
position  keeps  the  circuits  closed  through  a  back  contact,  the 
battery  current  is  interrupted  and  the  sounder  armature  released, 
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thus  furnishing  the  call,  to  indicate  that  telephonic  communi- 
cation is  desired 

It  will  be  uuderstoocl,  of  course,  that  the  same  battery  is  used 
both  for  signalling  and  talking  purposes.  In  the  former  case  the 
battery  current  traverses  the  line  and  pmduces  the  signal  direcilj 
while  in  the  latter  it  merely  passes  through  the  telephone  aiii 
primary  wire  of  the  induction  coil  and  the  induced  curr«[it5. 
produced  in  the  secondary  coil  by  the  variations  of  the  battery 
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rrent  when  the  telephone  is  spoken  into^  tmveraea  the  line  and 

jrodxices  the  articulation  heard  iu  the  receiver  at  the  distant 

fetation.     This  apparatus,  mounted  as  in  fig.  S08,  is  much  used, 

IB  fact,  almost  universally,  in  the  merchants'  exchange  syatem, 

to  which  we  shall  refer  pr^entl  j. 


The  form  of  call  here  shown,  however,  i^  intended  only  for 
short  lines,  as  the  current  from  tht^  small  battery  employe<:l  would 
not  be  sufficiently  powerful  to  operate  a  sounder  placed  some 
mflea  away.  For  long  lines  the  magneto  machine  is  used  to 
generate  the  call  currents.     The  combination  shown  in  fig,  309, 
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and  which  contains  a  machine  of  this  kind,  is  somewhat  similiir 
in  arrangement  to  the  one  given  on  ptige  27,  but  of  a  mort* 
improved  pattern.  The  aiU  bell  and  duplex  telephone  are  the 
same,  and  the  principal  difference  consists  only  in  the  arrange- 
ment of  circuit  connections,  within  the  box,  and  in  the  additioa 
of  the  single  crown  insstniment,  by  which  greater  effectiveness  i* 
ubta'med.  The  switch  at  the  upper  right  hand  side  of  the  box  is 
used  to  put  the  apparatus  in  and  out  of  circuit,  as  desired,  while 
tliat  on  the  left  serves  for  connecting  or  disconnecting  the  bell 
raagneta  When  placed  as  represented  in  the  figure,  the  latter  is 
in  circuity  and  will  cause  the  bell  to  ring  both  at  the  home  and 
distant  stiitions,  if  the  button  marked  C  is  pushed  in  repeatedly, 
while  the  crank  shown  in  front,  and  which  qpemtes  the  magneto 
machine,  is  turned  at  the* same  time. 

Fig.  810  represents  the  same  form  of  call  box.  with  an  Edison 
transmitter  attached  to  replace  the  duplex  instrument  in  the 
combination  just  described.  The  intenial  cni  '  >  are  the 
same  in  both,  sn  that  it  will  be  iiimoeessary  :  be  them 

again. 

Fig.  311  bIiows  a  call  box,  devised  by  Mi'.  Gray,  rmd  much  tiseti 
in  the  Western  States  in  combination  with  the  bipolar  telephone. 

A  still  later  form  has  been  arranged  by  Mr.  Phelpa  This 
also  contains  the  magneto  call  apparatus  and  switch  connec- 
tions of  the  combinations  referred  to  above,  and  in  addition 
to  these  it  is  pn^vidcd  with  an  ingenious  device,  first  sug* 
gested  and  applied  by  Mr.  Henry  Bentley,  of  Philadelphia,  by 
means  of  which  the  carbon  telephone,  and,  consequently,  the 
buttery  also,  is  cut  out  of  circuit  at  all  times,  except  when  actually 
in  use  for  transmitting  purposea  This  device  consists  of  a  small 
spring  placed  on  top  uf  the  handle  of  the  instrument,  or  at  the 
side,  as  the  case  rnay  be,  and  wliich,  in  its  normal  position,  ke€]« 
the  telephone  circuit  disconnected,  but  immediately  establisliea 
it  whenever  the  handle  is  grasped  by  the  hand,  being  then 
pressed  down  upon  the  contact  button,  anil  thus  allowing  the 
battery  current  to  pass  through  the  telephone  and  primary  wire 
of  the  induction  coil.     As  the  result  of  this  arrangement,  Mf. 
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iey  baa  been  eaabletl  to  introduce  the  Leolancli^  battery  for 
dng  piH'poscii  in  tlie  tek'plioiie  system^  in  place  of  the 
avity  battery  lieretoforo  used,  and  thereby  liaa  paved  the  way 
for  greatly  reducing  the  expense  of  maintenance  in  larger 
systems,  like  that  of  which  we  intend  to  speak  directly,  as  the 


/_-.;* 


:-^i% 


%.  310* 

!>nsiimption  of  battery  material  may  be  reduceil  to  a  minimum 
;  tlie  outset  and  no  expense  need  be  incurred  for  attendance, 
ccept  at  very  long  intervals.  Altogether  this  seems  to  be  the 
lost  economical  and  practical  combination  that  has  yet  been 

brought  out,  and  its  very  general  introduction  would  appear  to 

be  all  but  assured. 


676      EliiaON'a  RECENT  TELEPHONIO  AND  AOOUSTIC  1KVKNTI0N& 


Duiing  the  past  summer  tlio  Gold  and  Stock  Telegraph  C*  .p.i 
pany  have  organize* I  a  merchants'  exchange  system  in  New  \>m: 
and  elsewhere,  which^  besides  being  of  great  convenience  to  sub- 
scribers, lias  also  been  the  means  of  giving  a  marked  impetus 


Fig-  31L 

to  the  already  widely  extended  and  continually  increasing  appirj 
cation  of  the  telephone  to  business  purposes.     In  this  system  i 
central  office  is  connected  by  wires  with  the  house^  office,  oooni- 
ing  room  or  other  place  of  business  of  each  of  the  subscribers, 
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a  separate  wire,  as  a  general  thiagi  being  used  for  each  one.  Each 
individual  subscriber  is  also  provided  with  a  list  of  all  the  sub- 
ficribers  to  the  system,  and  wlieii  at  any  time  desiring  t<j  com- 
municate with  any  particular  one  of  the  members,  has  merely  to 
notify  the  central  office  of  the  fact,  when  the  two  corresponding 
wires  are  imme<iiately  connected  and  direct  correspondence  is 
established.  Attendants  sufficiently  nun^erous  are,  of  course, 
always  kept  on  duty  at  the  central  oflSce  during  business  hours 
to  attend  to  this  work  of  svvitcluug  and  to  see  that  evei-j^hing 

IIS  maintained  in  proper  working  condition. 
A  brief  review  of  the  armngement  in  this  office  may  not  be 
without  intei-est.    Near  the  centre  of  a  large  room  an  oblong 
frame  is  erected,  and  enclosed  and  within  this  all  the  wires  of 
the  system  are  connectetl  and  separately  led  to  small  sections  of 
what  collectively  may  be  called  a  switch  board.     These  sections 
arc  aiTanged  alongside  of  each  other,  facing  outwards  and  in  two 
or  more  parallel  rows,  one  above  the  other,  but  all  within  con- 
^2  venient  reach  of  an  attendant  standing  upon  the  floor.     Befer- 
^Pring  to  a  single  section,  as  the  eonnections  are  similar  in  all,  the 
line  wire  after  its  introduction  within  the  ivmne  or  back  of  the 
switch  is  connected  to  a  screw  passing  through  the  section  and 
in  electrical  connection  with  a  metallic  piece  in  fruut,  which  also 
carries  a  key  provided  with  both  front  and  back  contacts.      In 
^m  its  normal  position  the  key  is  held  on  the  back  contact,  which 
^Kis  simply  a  slight  projection  from  a  metallic  plate,  and   thus 
^•establishes  a  good  electrical  path  for  a  current  arriving  from 
^B  the  line  to  this  plate,  and  when  a  plug  is  inserted  between  this 
V  and  a  brass  disk  beneath  it,  which  is  also  in  electrical  connection 
through  a  small  relay  with  the  earth,  the  circuit  for  the  call 
^Jcurrent  i^  completed.    A  catch  on  the  end  of  the  armuture  lever, 
^1  which  extends  through  the  wooden  part  of  ths  section,  engages 
^P^ith  an  annunciator  disk  and  keeps  it  in  a  vertical  position  so 
^  long  as  the  armature  remains  unattracted  or  during  the  normal 
condition  of  the  line  when  idle.     If,  however,  a  current  is  sent 
into  tlie  line  from  the  otlier  terminal  station,  by  the  depression 
of  a  key  like  the  one  shown  in  fig.  308,  the  armature  lever  is 
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attracted,  and  thus  releases  the  annunciator  disk,  which,  being 
liinged  below,  now  falls  by  its  own  weight,  and  indicates  noi 
only  that  a  call  has  been  sent,  but  iikout  what  particular  ii^tatioii 
it  originated-  This  the  attendant  acknowledges  by  pressing  u|k)1i 
the  proper  key  and  causing  it  tf>  touch  tlie  front  contact,  irhich 
is  connected  to  a  battery  of  two  or  three  cell8,  and  by  uicftjiso! 
which  a  current  is  sent  to  line  to  actuate  the  corn^pondcnts 
snunder  or  bell.  Tbo  telephonies  ai'e  then  placed  in  circuit  and 
verbal  conmiunication  established,  when  the  wants  of  the  calling 
station  may  be  made  known.  The  central  office  acquaints  ibc 
station  asked  for  tliat  correspindence  is  desired  and  then 
switches  the  two  lines  together.  It  may  also  be  addeil,  in  further 
explanation  of  the  system,  that  some  one  in  the  central  office 
always  takes  the  pi'ecaution  to  see  that  communication  is  really 
established  after  the  switching  has  iM^en  done.  To  facilitate  this 
and  pnjvide  for  the  contingency  of  jjimultancous  calls,  telepbano 
desks  with  their  comjilete  outfits  arc  arranged  along  the  sideji 
of  the  room  and  connected  by  wiras  with  the  switch  lioiircL 
The  number  of  desks,  of  course,  varies  somewhat,  a  certJiiii 
number  being  always  provided  for  a  given  number  of  lines,  and 
these  are  continually  increasing. 

Heretofore,  when  through  communication  had  been  established 
it  has  been  necessary  for  an  attendant  at  the  central  office  ta 
listen  from  time  Uy  time,  so  as  to  know  when  to  disconnect  the 
lines  again  ;  but  a  device  is  now  being  introduced  wdiich  will 
render  this  proceeding  unnecessary.  This  consists  of  asliort  core 
relay,  wliicli  is  place<l  in  the  telephone  circuit  and  adjusted  so 
that  its  armature  remains  iinattracted  or  upon  the  back  stofi 
while  the  telephones  are  in  circuit,  but  immediately  resix)nda  14> 
the  increased  strength  of  current  occasioneil  by  the  withdniwal 
therefrom  of  one  or  the  other  of  these  instruments.  A  locfil 
battery  and  call  belt  are  connected  with  the  relay,  and  serve  m 
attract  the  attendant's  attention  when  the  armature  i«  attrairtetL 
A  single  bell  in  conjunction  with  the  annunciator  disks  is  aL 
used  for  some  of  tlie  sections  of  the  switch  at  the  central  offic 
but  it  has  been  found  in  practice  that  the  fall  of  the  disks  ale 
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make  sufficient  noise  to  call  attention  to  them^  and  the  bell  for 
tills  puqjo.so  will,  therefore,  be  dispens^ed  with  for  any  new  wii^es 
Ltbat may hereiift-er he  added  to  the  system, 
^k    Printing  instniraents,  to  a  very  lijiiited  extent,  are  likewise 
^^^taed  on  some  of  the  wires  of  the  exchange  system,  but  their  em- 
p^Ioyment  is  attended  with  eoiii^iderably  more  complieatiou  than 
that  of  the  telepliones,  and  correspondence  ia,  at  the  same  time 
less  expeditious,  stj  that  tlie  number  of  these  instruments  is  eon- 
fined  to  Uie  few  that  were  inti'oduced  before  the  telephone  was 
made  praeticah 

We  are  indebted  to  Professor  George  R  Barker,  of  the  Uni- 
versity of  Pennsylvania,  for  tlie  fallowing  int<^resting  particu- 
lars in  relatiun  to  the  experiments  made  with  the  Edison  carbon 
telephone,  between  Philadelphia  and  Wasliington,  in  April,  1878. 
These  exjieriments  originated  in  the  following  way:  While 
making  plans  to  exhibit  to  the  National  Academy  of  Science,  at 
its  spring  Beasion,  in  Washington,  the  collection  of  telephones 
which  the  kindness  of  my  friends,  Messrs.  Bentley,  Eklison, 
Gray  and  Phelps,  had  place<l  at  my  disposal  for  my  lecture  of 
April  15,  it  occurred  to  me  that  it  would  be  a  pleasant  thing  if 
the  ooaisi*  >n  cuuld  be  made  an  opportunity  of  affording  Professor 
Jose|jh  IIenrv%  the  distinguished  ]>resident  of  the  academy,  who 
had  watched  with  so  much  interest  the  progress  of  the  telephone, 
the  means  of  carrying  on  actual  conversation  with  some  distant 
point,  and  tlius  of  personally  verifying  the  latest  triumpli  of 
electrical  science.  The  matter  meeting  with  the  cordial  appruval 
of  Mr.  llenry  Bentley,  of  Philadelphia,  I  suggested  it  in  a  letter 
I  was  then  writing  to  Hon,  William  Orton,  president  of  the 
Western  Union  Telegraph  Company.  As  this  great  and  good 
man  has  now  passed  from  among  us,  I  may  be  permitted  tn 
quote  that  part  of  his  letter  in  which  he  replies  to  my  sugges- 
tion, because  it  shows  the  kindliness  of  his  nature  and  the  warm 
appreciation  which  he  had  of  Professor  Henry's  scientilio  inves- 
tigations.    In  liis  letter,  which  is  dated  April  11,  he  says : 

**I  note  what  you  say  concerning  the  meeting  of  the  Academy 
of  Science,  at  the  Smithsonian  Institution,  on  Tuesday,  and  I 
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sympathize  most  vvannly  with  you  in  your  desire  to  exhibit  to 
Profciisor  Henry  the  latest  wondci^s  of  that  science  to  which  he 
has  devoted  so  much  of  his  priceless  life,  and  for  which  he  has 
received  so  little  rcwani  But  if  the  world  is  slow,  as  it  often 
seems  to  be,  in  doing  justice  to  those  wlio  have  done  most  to 
promote  the  interests  of  science,  and  thereby  the  welfare  of  inm- 
kind^  I  Wlieve  that  justice  is  sure  to  be  done  in  the  cud,  and  $o 
believe  that  the  time  will  come  when  all  men  everywhere  will 
recognize  his  ser\aees  in  connection  with  the  grand  rc^nlL^  of  Ins 
noble  life.  Any  sendee  that  I  can  render  toward  rnalcing  Uie 
occasion  to  which  you  refer  interesting  to  all  who  may  |)art]Gi' 
pate  in  it  will  bo  rendered  most  cheerfully/'  In  pursuaooe  of 
tins  kind  c^lfer,  I  received,  a  few  days  afterward,  an  official  letter 
from  Mr.  James  Merrihew,  the  superintendent  of  the  Weetea 
Union  Telegraph  Company,  at  Philadelphia,  saying  that  he  would 
Ixj  glad  to  do  anything  in  his  power  to  facilitate  the  propoi|^ 
plan.     Manager  Eobinson,  too,  was  equally  courteous.  ^^| 

On  reaeliing  Washington  and  reporting  on  Wednesday  raora^ 
ing  to  Manager  Whitney^  of  the  Western  Union  office  lhere»  I 
learned  that  Superintendent  Memhew  had  himself  come  on  to 
assist  at  the  experiments,  and  that  they  would  lie  ready  for  tht 
preliminary  tests  that  evening.  Early  in  the  evenmg  the  wins 
worke<l  badly,  and  it  was  with  some  difficulty  that  we  could  got 
Menlo  Park.  But  about  ten  o'clock  the  induction  lessened, 
and  I  carried  on  a  conversation  with  one  of  Mr.  Edison's  assist- 
ants with  considerable  ease,  the  distance  being  two  hundred  and 
five  miles.  For  the  experiments  at  the  Smithsonian  Institution, 
on  Thursday,  April  18,  it  was  judged  best  not  to  attempt  con- 
versation beyond  Philadelphia.  Mr.  Edison  and  Mr.  Bachelor 
had  arrived  that  morning,  and  had  brought  with  them  some 
improved  instruments.  In  the  moniing  Mr.  Edison  exhibited 
the  phonogi-aph  to  Professor  Henry  in  his  own  parlor.  At  three 
in  the  afternoon  the  tele]>honic  apparatus  was  arranged  in  the 
same  place.  Mr.  Edi^son  being  absent,  Profi'sstir  Henry,  Mr. 
Menihew  and  myself  seated  ourselves  at  tlie  tiible,  u|x>n  which, 
beside  the  Edison  transmitter  and  induction  csoil,  were  the 
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magneto  telephones  of  Phelps,  Gray  and  Bell,  to  be  useil  as 
receivers.      The  Moi'se  instrument  in  circuit  told  ns  when  all 
was  ready ;  and,  on  cutting  in  the  telephone^  we  recognized  at 
oxiQe  Mn  Bentley's  well  known  voice,  calling  ^*  Hallo !  hallo  f* 
lOnlinary  conversation  wtxs  then  carried  on  with  jjerfect  ease,  and 
[r*  Bentley  s  ek>cutionary  effortjs,  detailing  the  personal  charac- 
Ite.riBtics  of  the  little  girl  whose  forehead  was  adorned  with  a 
cut]  in  its  centre,  were  most  highly  appreciated,  the  articulation 
l>eing  clear  and  distinct     Profess^or  Hein-y  said  he  lieard  every 
word,  and  expressed  to  Mr,  Bentley,  through  the  transmitter,  the 
pleasure  and  gratiGcation  which  he  deeply  felt,  and  which  his 
manner  showed  to  every  one  present     Doubtless,  his  memory 
carried  him  back  to  1830,  when  in  the  labomtOTy  of  the  Alljany 
academy  he  made  the  early  researches  of  wliich  the  interesting 
•  experiments  he  had  now  assisted  at,  and  which  showed  that  men 
f  could  converse  througli  one  hundred  and  forty  miles  of  inter- 
vening distance,  were  the  outcome.      The  friends  who  had 
gathered  to  witness  the  trials  were  now  afforded  an  opportunity 
tlo  test  the  question  for  themselves,  Mr.  Bentley  most  generously 
sting  them  in  every  way. 

At  four  o'clock,  the  hour  which  the  academy  liad  fixed  for 

the  phonograph  and  telephone  experiments,  the  apparatus  was 

taken  down  stau^  into  the  office  of  the  secretary,  where  the 

tmeeting  was  in  progress.      Mr.   Kdison  was  presented  to  the 

lacademy,  and  was  welcomed  by  the  chairman,  Vice-President 

iMarsk     Mr.  Bachelor  then  exhibited  the  phonograph-     I  then 

Iread    my  cominunication    on    the   telephone,   exhibiting    and 

describing  the  various  foiTus,  and   closed  by  placing  them  on 

lithe  Philadelphia  wire,  s<j  that  the  members  could  hear  the  words 

3ken   one   hundred   and   forty  miles  away.      The  academy 

expressed  itself   highly  gmtilied,  and   passed   a   iTsolution    of 

thanks  to  the  Wastern  Union  Telegi  ajih  Company^  and  especially 

I  to  Mr.  Edi>son,  Mr.  Bentley,  Mr.  Merrihew  and  Mr.  Whitney  for 

F  the  courtesies  shown. 

The  result  of  this  experiment^  the  most  important  made  in 
telephony  up  to  that  time,  showed  that  it  was  entirely  possible 
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tr>  converse  witli  ease  between  stations  one  hundred  and  forty 
miles  apart,  and  this  over  a  wire  surrounded  by  twenty  or  more 
wirc\%  all  in  active  use»  and  carried  under  three  rivers  in  ill 
course,  in  insulated  cables.  The  first  proof  of  thL^  fact  must 
ever  be  a  source  of  gratification  to  all  who  were  concerned  in 
establishing  it ;  and  to  none^  I  am  sure,  more  than  to  Mr.  Henrv 
Bentley,  through  wboee  intelligent  and  well  directed  efforts  the 
carbon  telephone,  the  conception  of  Edison's  genius,  first  bccotne 
practically  successful. 

In  a  work  which  has  been  so  largely  occupied  in  coosideriog 
the  discoveries  recently  made  by  Mn  Edison,  it  does  not  seem 
inappropriate  to  add  a  few  words  in  regard  to  the  man  himsd^ 
and  to  this  end  the  concluding  portion  of  the  present  chapter 
will  be  devoted.  For  tlie  information  respecting  the  early  yeais 
of  the  great  inventor  we  are  indebtc<i  to  an  interesting  paper, 
entitled  **A  Night  with  Edison/*  written  by  William  Bi;^hop, 
and  published  in  Serilmer's  Monthly,  November,  1878. 

Thomas  Alva  Edison  was  born  at  Milan,  in  Erie  County,  Ohio, 
February  11,  1847.  An  obscure  canal  village  of  the  smallest 
size,  it  was  not  the  place  where  the  advent  of  a  genius  would  lie 
looked  for,  if  this  elusive  spark  had  the  habit  of  appearing  any- 
where according  to  prescribed  fonnulaa  The  village  of  Port 
Huron,  Michignnj  to  which  his  family  removed  soon  after,  and 
where  llie  greater  part  of  his  youth  was  passed,  could  not  have 
afforded  a  better  prospect  His  fauiily  was  an  average  one  of 
the  humbler  sort  There  was  no  unusual  talent  in  any  of  its 
members  up<:>n  which  a  claim  to  hercdity  of  ability  con  In  ' 
based  Of  a  number  of  brothers  and  sisters,  ncjue  have  ^l. 
an  inclination  towanls  pursuiti^  like  the  inventor's  own.  He 
may  have  taken  fi\>nx  his  fathci^ — who  was  in  turn  tjiilor,  nur- 
seryman, dealer  in  grain,  in  lumlier  and  in  farm  lands — some  of 
the  i^tleasness  which  lias  impelled  him  to  activity  in  so  many 
different  directions^  He  took,  also,  from  him  a  good  const  it  t 
tiou»  This  pai-ent  of  Dutch  descent,  a  hale  old  geotlemaa,  sriJ 
living  at  the  age  of  seventy-four,  had  two  immediate  ancestors  wbo 
lived,  one  to  the  age  of  one  hundred  and  two,  the  other  to  one 
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hundred  and  three.  It  is  a  point  not  altogether  unimportant  to 
note  in  passing,  since  it  holds  out  the  prospect^  in  the  ordinary 
course  of  time,  for  the  matured  completion  of  the  wonderful 
programme  the  inventor  has  laid  out  for  himself  already,  at  the 
compai'atively  youthful  age  of  thirty-one.  His  mother,  of  Scotch 
parentage,  though  born  in  Massachusetts,  was  of  good  education, 
and  had  formerly  been  a  school  teacher  in  Canada.  She  im- 
parted to  him  about  all  the  instruction  from  outside  sources  he 
ever  received.  Of  regular  schooling  he  had  no  more  than  two 
months  in  his  life  ;  and  his  school  mates  of  this  brief  period  do 
not  remember  him  as  brilliant,  nor  are  there  preserved  family 
records  of  phenomenal  infantile  doings.  But  he  was  a  child 
who  amused  himself  much  alone,  and  doubtless,  if  his  quiet 
plays  had  been  noted,  there  would  have  been  detected  indica- 
tions of  the  faculty  in  which  his  extraordinary  future  career  was 
involved.  He  had  the  intense  curiosity  about  the  world  we  in- 
herit, and  its  great  names  and  great  deeds,  which  will  be  found 
an  early  trait  in  common  in  almost  all  the  lives  that  have  his- 
tories of  their  own  to  leave  behind  them.  At  ten,  he  was  read- 
ing Hume's  England,  Gibbon's  Eome,  the  Penny  Encyclopaedia, 
and  even  some  books  of  chemistry,  which  came  in  his  way,  with 
the  rest,  and  gave,  as  it  seems,  the  direction  to  his  future  action. 
While  it  will  thus  be  observed,  that  his  school  opportunities 
were  of  a  very  limited  nature,  the  statement  that  he  is  an  un- 
educated man,  which  has  appeared  in  some  of  the  daily  journals, 
is  by  no  means  true.  During  the  whole  of  his  life  the  habit,  so 
early  acquired,  of  reading  everything  that  came  within  his  reach 
has  been  continued,  and  much  has,  consequently,  been  gained  in 
this  manner,  as  he  possesses  a  most  retentive  memory.  As  an  in- 
dication of  his  thirst  for  knowledge,  the  naive  ignoring  of  enor- 
mous diiSiculties  and  the  completeness  with  which  the  shaping  of 
his  career  was  in  his  own  hands,  it  may  be  stated  that  at  one 
time  he  formed  the  project  of  reading  through  the  whole  public 
library  of  Detroit!  There  was  no  one  to  tell  him  that  all 
human  knowledge  may  be  found  in  a  certain  moderate  number 
of  volumes,  nor  to  point  out  to  him  approximately  what  they  are. 
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Each  book  was,  in  his  view,  a  distinct  part  of  the  great  domain,  and 
he  meant  to  lose  none  of  it  He  began  with  the  solid  treatises  of 
a  dirty  lower  shelf,  and  actually  read,  in  the  accomplishment  of 
his  heroic  purpose,  fifteen  feet  in  a  Una  He  omitted  no  book 
and  skipped  nothing  in  the  book.  The  list  contained,  among 
others,  Newton's  Principia,  Ure's  Scientific  Dictionaries  and 
Burton's  Anatomy  of  Melancholy. 

When  Edison  was  fourteen  years  old  he  entered  the  tel^raph 
service,  and  remained  in  it  until  he  was  twenty-three,  becoming 
in  the  meantime  an  accomplished  operator.  His  experience  as 
a  practical  telegraphist  has  been  of  the  greatest  value  to  him  in 
the  prosecution  of  his  electrical  inventions,  particularly  those 
relating  to  telegraphy. 

The  great  number  and  variety  of  subjects  to  which  Mr.  Edison 
has  given  his  attention  is  scarcely  less  surprising  than  the 
marked  success  with  which  his  labors  have  been  crowned. 
Electricity  alone,  although  receiving  the  most  attention,  has  fur- 
nished but  a  single  field  for  the  display  of  his  versatile  powers. 
His  path  has  been  through  extended  portions  of  physics  and 
cheiriistry,  and  is  clearly  marked  by  cliaracteristic  inventions  in 
these  vast  domains.  Not  less  remarkable,  too,  is  the  originality 
of  his  ideas.  Many  of  his  inventions,  to  be  sure,  are  but  im- 
provements upon  the  methods  of  previous  investigators,  but 
many  others  have  been  produced  while  pursuing  a  line  quite 
outside  of  that  followed  by  these  earlier  pioneers,  and  in  some  in- 
stances, also,  without  any  knowledge  wliatever  that  the  subj<?ct8 
had  been  considered  by  them.  As  illustrations  of  this  fa(Milty 
for  original  research,  we  have  only  to  mention  his  chemicixl  sy.^- 
tem  of  telegi'ai)h y,  the  electro-motograph,  the  system  of  double 
transmission  in  the  same  direction,  the  quadruplex  telegraph 
and  the  carlwm  telephone,  in  all  of  which  this  faculty  is  con- 
spicuously displayed.  Stark,  it  is  true,  invented  a  method  of 
simultaneous  transmission  in  the  same  direction,  in  1856,  and 
at  that  time  had  the  idea  of  quadruplex  telegraphy  in  mindLv 
Kramer,  slu^rtly  afterwards,  improved  upon  this  methr*^-*' 
subsequently  the  idea  was  also  taken  up  by  Bemsfem- 
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Wartman  and  others ;  but  all,  with  onlj  alight  modifications^  fol- 
lowed  a  similar  line  of  investigations,  and  in  the  end  only  sue- 
ceeded  in  working  imperfectly  upon  lines  of  very  short  length. 
Mr.  Edbon,  however,  instead  of  employing  three  relays,  or  their 
equivalent,  for  accomplishing  thiB  object,  as  his  predecessors  had 
ne,  confined  himself  solely  to  two,  one  for  receiving  each  trans- 
ission.  He  also  avoided,  without  employing  previously  usal 
methods,  but  one  quite  original  with  himself,  the  mutilation  of 
signals  which  u  change  in  the  polant3'  of  the  battery  cuiTent  pro- 
duced ;  and  by  the  addition  of  a  sini}  jle  device,  never  thought  of 
by  previous  experimenters,  and  which  was  made  directly  opera- 
tive by  tbe  line  current,  an<l  independently  of  the  relays  them- 
selves, succeeded  in  completely  solving  the  question  of  multiple 
telegraphy  for  all  cases,  making  the  qundniplex,  in  consequence^ 
practical  appamtiis  for  the  longest  circuits 
Similar  original  and  l>eneficial  results  attended  his  labors  ia 
tlie  field  of  chemical  telegraphy.  With  this  systemi  after  care- 
fully studying  the  problems  involved,  he  succeeded  in  vastly 
improving  the  speed  of  transmission  for  circuits  of  any  length 
whatever. 

His  originality  is  also  shown  to  good  advantage  in  the  inven- 
tion of  the  carbon  tclephona  During  the  time  that  Gray  was 
c»ceupied  with  the  problem  of  transmitting  articulate  speech  by 
means  of  variations  in  the  current  strengtli,  produced  by  a  mov- 
able electrode  in  a  liquid  conductor,  and  Bell  sought  to  realize  his 
I  idea  of  repraJucing  speech  at  a  distance  by  the  magneto  prin- 
■iple,  Edison  diix5cted  his  attention  to  the  attainment  of  tliesame 
fcject  in  quite  another  way,  mid  soon  succeeded  in  furnishing  the 
■rue  solution  of  the  diffieuhies  to  be  overcome,  and  of  securing 
me  best  practical  results,  by  following  out  a  principle  previously 
liscovered  by  himself,  and  in  which  the  current  variation  was 
produced  by  the  variable  resistance  of  solid  conductoi's  when 
subjected  to  pressure.  The  result  of  this  novel  departure  is  seen 
in  the  carbon  telephone,  justly  considered  the  best  transmitting 
instrument  yet  intixxluced. 

might  thus  go  on  and  enumerate  other  inventions  scarcely 
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less  ciileiilated  to  show  his  manner  of  investigation  in  the  line  of 
original  research,  but  enough  luis  ah'eady  been  saiil  to  make 
this  point  apparent ;  wc  will,  the-refore^  conclude  our  very  brief 
sket(;h  with  a  few  woi*ds  reganling  his  great  capacity  and  still 
greater  inclination  for  work,  Witlio\it  doubt,  Mr,  Edison  i:*  rrire 
than  usually  endowed  with  what  the  world  terms  genius.  His 
inTcllectual  powera  are  of  no  ortlinary  kind^  and  the  jjotentiality 
of  his  brain  is  very  much  above  the  average  ;  but  it  should  be 
clearly  undei^tt>xl  that  his  gi-eat  sua-ess  is  the  result,  not  so  much 
of  tlie  divine  gilt  of  genius  alone  m  of  hia  ceaseless  activity  and 
induniitable  pers^cvcnmce  under  all  circumstjinees.  These  are  un- 
qucstionalily  the  most  remarkable  characteristics  of  his  nature 
and  the  i-eal  elements  of  his  success.  The  author  can  state  from 
personal  Jcnowk^dge  wliat  is  nowliecoming  more  generally  known 
regat\ling  Mr.  Edison  s  extraordinary  pro]>cn5iitic3  for  work.  No 
person  with  whom  lie  has  ever  met  has  exhibited  anyt>nng  like 
it,  and  very  few,  if  favored  with  like  power  of  endurn  nld 

be  found  willing  to  apply  themselves  so  assiduously  ui  „..  ^  vcn 
diref^tion.  During  the  early  ex|)erimenta  with  the  cpiadrui)tex 
system  of  telegTupln%  which  took  j^laee  under  his  own  supervision, 
and  which  required  a  vast  amount  of  time  and  applicatiou  for  its 
perfection,  it  was  a  verj' common  tiling  tA>  iind  Mr.  Edison  wort 
ing  through  the  entire  night,  his  only  rest  being  such  ns  a  brief 
interval  of  8lce[)  jtist  before  tlay  might  afford,  taken  in  the  ex* 
perimentil  rooma  Night  after  night  he  has  worked  in  this 
manner,  and  l)een  fi>und  in  the  morning  'v\nth  notlung  but  his 
coat  for  a  pillow  and  the  table  or  desk  for  a  couch,  niaking 
thus  a  lame  apology  to  nature  for  the  most  recklei?s  disrnganl  of 
her  requirements. 

Mr.  Edison  still  keeps  up  the  habit «»(  work  nig  long  into  the 
night,  at  his  lalnjratory  in  Meulo  Park,  and  pr«jbal>ly  will  con- 
tinue to  do  so  as  long  as  his  physical  powers  will  sustain  him. 
The  accompanying  fig.  312  represents  him  after  a  night  spent 
in  ^cHue  absorbing  work,  as  he  takes  his  solitary  way  h<imoward 
through  the  siu'rounding  dai'kness  that  precedes  the  dawn  of  an- 
other  day.     Entreaty  and  remonstrance  with  him  on  this  point 


CHAPTER  XXJ. 


DUPLEX  TELEGRAPHS  AND   ELECTRO- MAG  NETS. 

In  Chapter  XL,  page  364,  we  have  described  the  methcxU  af 
siiniiltaneoiLg  tmnsimssioii  in  the  samo  direction,  devised  by  A, 
Bernstein,  of  Berlin^  in  1855.  During  the  same  year.  Dr.  J. 
Boscha,  Jr.,  uf  Leyden,  was  engaged  in  the  solulion  of  the  same 
pixjblein.  Bosoha  at  first  made  use  of  three  reaving  instru- 
ments, two  of  thern  having  polarized  armatures,  and  the  other  a 
neutral  armature. 

To  obviate  a  defect  in  this  arrangement,  caused  by  a  reversal 
of  the  current  nix>n  the  line,  when  a  signal  w:l3  being  received 
upcm  the  neutral  rt^lay,  he  snl>sequently  devised  the  plan  shown 
in  fig,  S13,  in  which  all  three  relays  are  pDlarizerL  The  opera- 
tion of  the  transmitterH  Kj  and  Kj  gives  rise  to  three  distinct 
electrical  conditions  of  the  lina 

First:  Kj  and  K^  both  open.     No  current 

The  armatures  of  the  relays  Bp  R^  and  Rj  remain  in  the 
position  indicated  in  the  figure,  the  local  circuit  of  battery  e^  is 
open,  and  a  shunt  being  closed  ai'oun<l  the.  battery  e,,  sounder^ 
Sj  and  a 2  ^^^  consequently  inoperative. 

Ssctrnd :  Kj  closed  and  Kg  open.     Current  -=  —  2. 

This  current  causes  R^  and  R,  only  to  respond ;  the  former,, 
immediately  after  breaking  the  shunt  around  battery  e^,  closes 
the  local  circuit  of  Imttery  c^,  thus  operating  sounder  S|.  A 
signal  upon  Sg  is  prevented  by  R^  opening  the  hx'al  circuit  of 
battery  e,,  at  the  same  time  that  the  shunt  around  the  kttef  is 
broken  by  R^, 

Third:  K^  open  and  K^  closed.     Current  s=  -)-  1. 

This  current  causes  R,  alone  to  respond,  thus  breaking  the 
shunt  amund  local  battery  e^,  and  recording  the  signal  upon 
sounder  Sj. 

Fourth :  K,  and  K^  both  closed     Current  -|-  1  —  2  =  —  1, 
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This  current  causes  Rj  only  to  respond,  whicli,  by  first  break- 
ing the  shunt  around  battery  eg,  and  tlien  closing  the  circuit  of 
battery  e^^  causes  the  respective  soundera  Sj  and  Sj  to  respond. 

In  1861,  Edward  Schreder/  of  Vienna,  published  the  following 
description  of  his  improved  metJiod  for  the  simulUineous  trans- 
mission of  two  messages  in  the  same  din3ction  (Qg.  314) : 

The  transmitting  devices  consist  of  two  continuity  preserving 
keys,  Kj  and  K^,  the  operation  of  which  ^ves  rise  to  three  dis- 
tinct  electrical  conditions  of  the  line,  as  follows ; 


o^ 


iS 


^^F"'  ? 


Fig.  313. 

First :  Keys  K^  and  Kj,  both  open.     No  current 
Second:  Kj  closed,  and  Kg  opeiL     Current  ^  —  2. 
Third:  K,  open,  and  Kg  closed.     Current  ^  -(-  1* 
Fourth:  K^  and  K^  bath  closed.     Current  =  — ^  1. 
At  the  receiving  station  Schreder  maka^i  use  of  two  relays,  one 
of  which  is  provided  with  two  polarized  armatures,  and  the  other 

^  ZeitBchHIt  des  Deulflch'Oesterreichischen  TelegraphcD-Yereinfl,  herauflg^elMm 
in  desBen  Auftrage  von  der  Konigrltch  PreuBalschen  Tetegrapbou- Direction. 
Bedigirt  von  Dr.  P.  WiUielm  Brix.     VoL  YIIL     Berlin,  186L     Page  8§, 
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a  single  neutral  armatore^  the  former  being  known  as  the  Stohnjr 
rehiY,  illustrated  an<l  described  on  page  542  of  **  Electricity  and 
the  Electric  Telegraph/' 

Scbreder  also  used  a  recorrling  instrument,  or  sounder  Sj, 
wound  differentially,  which,  together  with  the  sounder  S,  were 
eontrolled  and  operated  by  the  relays  R^  and  Rg,  as  hereafter 
ex})lainetl 

It  is  ob™u.sly  essential  that  sounder  S,  should  respond  i^oitdy 
to  the  movements  oi  the  key  Kj,  and  sounder  Sg  to  the  move- 


Fig.  3U. 

menta  of  key  Kj,  while  both  S^  and  S^  should  respond  when 
K|  and  Kg  are  simultaneously  depressed  at  the  sending  station. 
The  manner  in  which  this  is  accomplished  will  be  understood  by 
reference  to  the  drawing,  and  tlie  following  explanation  of  the 
effect  of  the  before  mentioned  electrical  conditions  of  the  linC: 
upon  the  relays,  at  the  receiving  station  : 

First:  K^  and  K^  open.     No  current 

The  annatures  a^  and  a^,  of  relay  Rj,  and  armature  a,  of  the 
T-elay  Rg,  rest  in  the  position  sbowa  The  loc^d  circuits  being 
open^  sounders  S,  and  Sg  are  consequently  inoperative. 
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Second:  K^  closed,  and  Kg  open.     Current  =  —  2  B. 

The  current  in  this  case  is  of  the  right  polarity,  and  of  suffi- 
cient strength  to  actuate  the  relays  E^  and  Eg,  causing  armature 
a  J  of  the  former,  and  armature  a^  of  the  latter,  to  make  con- 
tacts with  their  respective  stops  o^  and  O3,  thus  closing  the  local 
circuit  of  battery  e,  and  sounders  S^  and  Sg.  In  order,  however, 
that  sounder  S^  alone  should  respond,  it  is  essential  that  anna- 
tures  a  J  and  a  3,  of  relays  E^  and  Eg,  should  move  simultane- 
ously, that  is  to  say,  03  should  make  contact  with  its  front  stop 
O3  at  the  same  time  that  a^,  of  relay  E^,  makes  contact  with  its 
front  stop  Oj,  otherwise  a  false  signal  will  be  recorded  upon 
sounder  Sg,  around  the  cores  of  which  two  paths  are  provided 
for  tlie  current  to  pass,  but  by  a  simultaneous  movement  of  the 
armatures  a^  and  a^  the  current  passing  through  sounder  Sg  is 
di\nded,  each  half  passing  around  its  cores  in  opposite  directions, 
thereby  rendering  the  latter  inopcnitive.  Armature  Og,  or  relay 
Eg,  is  held  more  firmly  in  the  ])osition  shown  in  the  figure,  the 
local  circuit  of  battery  e^  remaining  open  between  ag  and 
stop  Og. 

Third:  K^  open,  and  Kg  closed.     Current  =  +  B^. 

The  polarity  of  the  current  in  this  case  is  such  as  to  cause  the 
armature  ag,  of  relay  E^,  to  make  contact  with  stop  o,,  thus 
closing  the  local  circuit  of  battery  e^,  which,  passing  around  one 
half  only  of  sounder  Sg,  causes  the  latter  to  respond. 

Armatures  a^  and  ffg,  of  relays  E^  and  Eg  respectively, 
remain  in  the  position  shown,  thus  rendering  S^  inoperative. 

Fourth  :  K^  and  Kg  closed.     Current  =  —  B. 

In  this  case  armature  a 3,  of  the  relay  E^,  remains  in  the  posi- 
tion shown,  the  local  circuit  of  battery  e^  being  open  at  point  O3. 
This  current  not  being  of  sufficient  strength  to  overcome  the 
retractile  force  of  spring  5,  of  armature  aj,  the  latter  also  remains 
upon  its  back  stop.  Armature  a^,  of  relay  E^,  is,  however, 
caused  to  move  forward,  and  make  contact  with  its  front  stop  Oj, 
thus  closing  the  local  circuit  of  battery  e,  which,  circulating 
through  sounder  S^  and  one  half  of  sounder  Sg,  causes  them 
both  to  respond. 


692 


DUPLEX  TELEGRAPHS  AND  ELECTRO- MAGNETS 


^The  electro-magnet  is  composed  of  a  ma^etic  core,  or  cjiinder 
of  iron;  a  helix,  which  consists  of  an  inBulated  conductor,  wound 
upon  a  bobbin,  and  surrounding  the  core,  and  an  armature;  A 
piece  of  iron,  usually  of  prismatic  form,  placed  transverscljr  in 
front  of  the  ends  of  the  core,  which  ends  are  termed  the  ix>Ies  of 
the  electro-magnet 

If  the  core  is  composed  of  a  straight  cjlinder  the  elect 
magnet  is  termed  a  bar  magnet,  and  usually  acts  by  mc 
of  one  of  its  poles  only,  but  if  the  core  is  bent  in  suuh  a 
manner  that  both  iLs  extremities  may  act  upon  tlie  samearmntti 
it  is  termed  a  lioi^o  shoe  or  U  magnet  The  same  result  may  aL 
be  obtained  by  uniting  several  pieces  together.  Thus  two  ooroB 
of  iron  connected  together  by  a  yoke  or  bridge  piece  of  thci 
^etal,  each  core  being  surrounded  by  a  bobbin,  constilutes 


Fig,  315. 


Fig.  316. 


€lectro- magnet  with  two  branches^  this  being,  in  fact,  the  form  in 
which  electro- magnets  are  usually  coustructe<i^  but  many  otberj 
fonns  are  also  employed,  to  a  greater  or  less  extent  Wlien  lli^ 
electro-magnet  just  described  m  without  a  helix  or  coil  upon  one 
of  its  cores,  it  is  termed  a  single  coil  magnet.  Figs*  315  and 
S16  represent  two  forms  of  this  kind  of  electm  magneta 

The  earliest  experiments  which  were  made  with  the  view  of 
improving  and  perfecting  the  electro  magnet,  demonstrated  that 
the  effective  force  of  an  electro -magnet  is  proportional  to  the 
strength  of  the  magnetising  current  and  to  the  number  of  con- 
volutions in  the  magnetizing  helix  ;  and  that  in  order  toproduc 
the  most  a<lvantageous  effect,  the  resistance  of  the  helix  shoul 
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be  eq^ial  to  that  of  the  portion  of  the  circuit  not  included  in 
the  helix. 

Subsequent  experiments  proveil  that  a  mass  of  iron  m  suscep- 
tible of  a  certain  maxiraum  of  magnetization  only,  and  only  with- 
in certain  limits  is  the  force  of  the  el eotro- magnet  proportional 
to  the  square  root  of  the  diameter  of  the  iron  cores,  or  simply 
to  the  diameters,  if  we  take  into  account  their  action  on  the  ar- 
matures. These  experiments  also  proved  that  in  order  to  de- 
velop  in  two  electro-magnets  of  different  diameters  the  same 
proportional  part  of  their  maximum  magnetism,  the  product  of 
the  current  multiplied  by  the  number  of  evolutions  must  be 
proportional  to  the  square  roots  of  the  cubes  of  the  diameters. 
A  still  later  series  of  carefully  conducted  experiments  showed 
that  the  magnetic  force  not  only  increases  as  the  square  root  of 
the  diameter  of  the  core,  but  is  also  proportional  txy  the  square  of 
the  length.  The  attraction  which  results  from  this  foi'ce^  how- 
ever,  diminishes  in  the  ratio  of  the  square  root  of  the  distance 
of  the  middle  or  neutral  point  of  the  core  from  the  armature. 

The  result  of  these  experiments  shows  that  the  attractive  foi-ce 
exerted  by  an  electro-magnet  upon  its  armature  is  propoilional 
to  the  diameter  of  the  core  and  to  the  square  rcnyt  of  its  length. 

The  investigation  of  the  question  of  magnetic  saturation 
pmves  that  the  maximum  of  satumtion  depends  solely  upon 
the  mass  of  iron  contained  in  the  electro-magnet  irrrsj>cctive  of 
its  form ;  and  that  the  maximum  degree  of  magneii;5iition,  of 
which  a  mass  of  soft  irgn  is  susceptible  under  the  influence 
of  the  electric  current,  is  more  than  five  times  as  great  as  that 
which  a  corresponding  mass  of  haixiened  steel  is  capable  of 
retaining. 

When  the  electro -magnet  exerts  its  attraction  on  an  armature 
of  soft  iron,  it  creates  a  new  magnet,  which,  reacting  in  turn  on 
the  tiri^t,  induces  a  similar  action,  thus  proving  that  the  attractive 
force  of  electro -magnets  is  proportional  to  the  square  of  the 
strength  of  current  for  a  like  number  of  convolutions,  and  to  the 
st^uare  of  the  number  of  convolutions  for  like  strength  of  cur- 
rent    This  law  can,  however,  only  be  considered  as  rigorously 
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exact  when  the  electro-magnet  and  the  armature  contain  about 
the  same  mjiss,  and  their  magnetic  state  is  near  the  point  of 
saturation ;  that  is  to  say,  that  whieli  these  magnetic  pieces  would 
retain  if,  being  of  tempered  steel,  they  were  magnetized  to  a 
maximum.  We  will  only  add^  that  it  fallows  from  the  preceding 
law,  that  if  the  strength  of  current  (acting  on  the  electro-magnet) 
and  the  number  of  convolutions  in  the  helix  vary  at  the  same 
time,  which  is  nearly  always  the  ease,  since  by  incre^ising  the 
number  uf  convolutions  without  changing  the  battery,  we  in- 
crease the  resistance  of  the  circuit,  the  attractive  force  of  tht 
electn^  magnet  becomes  proportional  to  the  square  of  the  strengtli , 
of  current  multiplied  by  the  ajuare  of  the  number  of  con  vol  u* ' 
tions.  When  the  electro-magtiet,  instead  of  acting  on  an  arma- 
ture of  soft  iron,  exerts  its  action  upon  another  e!ectrr>magnet^ 
the  attraction  is  projiortional  to  the  sum  of  the  products  of  the 
sU'eugth  of  current  by  the  number  of  convolutions  in  the  two 
helices.  Finally,  when  the  electro-magnet  acts  upon  a  steel 
annature  magneti/.cd  to  saturation,  the  attractive  force  ia  aimply 
proportional  to  the  product  of  the  strength  of  current  by  the 
number  of  convolutions.  It  will  be  observed  at  the  same  time 
that  the  nature  and  diameter  of  the  wire  of  the  magnetizing 
helices  exert  no  influence,  provided  the  strength  of  current  di>es 
not  vary. 

In  the  laws  of  the  electro  magnet  which  have  thus  fai-  l»een 
eiunmed  up,  the  armature  has  l>een  assumed  to  be  of  sufficient 
dimensions  to  render  it  capable  of  receiving  the  same  amount  o( 
magnetism  as  the  core  itself — ^a  condition  which  is  necessary 
in  case  the  attraction  exerted  upon  tiie  armature  is  represented  by 
the  square  of  the  force  proper  of  the  electro-magnet.  In  order 
that  the  law  may  hold  gotjd  in  the  case  of  an  eh^  ^net 

whieli  has  arrived   at  it**   maximum  point  of  satui  ,  :i  is 

evidently  necessary  tlmt  this  amiature  should  pi>3sent  a  mnss 
nearly  equal  to  that  of  the  core  which  is  dia^ctly  magnetized  by 
the  helix,  while  in  order  to  satisfy  the  conditions  of  the  law 
of  pi-oportionality  of  the  foiises,  with  respect  to  the  diameters 
and  lengths,  the  armature  should  be  of  about  the  same  dimen- 
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sions  as  the  electro-magnet  Hence  we  arrive  at  the  conclusion 
that  the  maximum  of  force  of  which  an  electro-magnetic  system, 
composed  of  a  helix,  core  and  armature,  is  capable,  is  developed 
when  the  dimensions  of  the  two  latter  in  respect  to  their  length 
and  surface  are  equal. 

The  proportion  of  the  forces  to  the  diameters  indicates  that 
the  former  depends  more  upon  the  surfaces  than  upon  the 
magnetic  masses.  It  follows  from  this  principle,  that  if  a  second 
armature  is  attached  to  the  inactive  pole  of  a  straight  electro- 
magnet, the  effective  force  of  the  combined  SA'stem  ought  to  be 
considerably  augmented ;  for  the  reason  that  the  electro-magnet 
with  its  first  armature  constitutes,  in  point  of  fact,  an  electro- 
magnet of  double  length.  Therefore,  the  maximum  of  force 
ought  to  be  developed  when  the  length  of  the  second  armature 
is  also  equal  to  that  of  the  electro-magnet.  If  we  consider  the 
system  with  reference  to  the  first  armature,  we  arrive  at  the 
following  general  law : 

In  a  straight  electro-magnet,  the  length  of  whose  core  exceeds 
that  of  the  magnetizing  helix,  at  the  end  opposite  the  armature, 
the  force  progressively  increases  with  the  length  of  the  core,  until 
the  total  length  becomes  three  times  that  of  the  bobbin.  This 
result  is  confirmed  by  experiment.  We  are  now  able  to  estab- 
lish other  conditions  of  maxima  in  respect  to  double  electro- 
magnets. In  fact,  since  the  length  of  the  magnetic  core  which 
projects  beyond  the  magnetizing  helix  becomes  more  and  more 
favorable  to  the  development  of  magnetic  force  until  the  core 
becomes  three  times  the  length  of  the  helix,  we  can  readily 
understand  that  the  force  can  be  still  further  augmented  by 
causing  this  mass  of  iron  to  react  on  the  armature,  and  by 
enveloping  the  latter  in  a  second  helix.  Now,  if  this  second 
helix  is  of  the  same  length  as  the  first,  we  then  have  two  elec- 
tro-magnets, each  of  which  is  placed  in  its  condition  of  maxi- 
mum, and  of  which  the  part  without  the  coils — which  is  usuallv 
termed  the  yoke — of  the  double  electro-magnet  should  be  equal 
in  length  to  one  of  the  cores,  if  it  is  desired  to  keep  it  within  the 
maximum  conditions  already  established.     We  may,  therefore. 
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lay  down  the  equality  of  the  four  constituent  parts  of  the  system, 
as  the  condition  of  maximum  of  double  electro-magnets.  Thi^ 
conclusion,  which  experience  has  shown  to  be  correct,  explains 
several  phenomena  exhibited  by  electro  magnets,  to  which  we 
shall  have  occasion  to  refer  in  another  place.  The  problem  now 
under  consideration  is  that  of  determining  the  best  construction 
of  the  armature.  If  we  only  take  into  consideration  the  ques- 
tion of  force  without  concerning  ourselves  with  practical  i-eqtiire- 
ments,  which  are  sometimes  directly  oppo??ed  to  the  conditions 
of  maximum — as  in  casa^  where  the  utmost  rapidity  of  motion  is 
requiredj  for  example,  when  the  mass  of  the  armature  should  be 
as  small  as  possible — it  is  obvious  that  the  flat  prismatic  form  is 
the  best ;  for,  inasmuch  as  the  centre  of  the  magnetic  action  in  the 
amiature  coincides  with  its  axial  line,  it  is  clear  that  the  greater 
the  thickness  in  the  normal  direction  of  the  action  of  tlie  magnet, 
the  greater  mil  be  the  distance  between  the  latter  and  the  mid- 
dle point  of  the  armature,  and,  there f<ire,  the  less  the  force.  Con- 
sequently, the  cylindrical  form  and  the  prismatic  form  of  equal 
dimensions  should  be  rejected.  The  best  results  will  be  attained 
by  means  of  the  thinnest  possible  armature  placed  broadside  in 
front  of  the  poles  of  the  electro-magnet^  for  the  reason  that  in 
that  case  the  distance  from  the  magnetic  centre  of  the  armature 
to  either  pole  of  the  electn>-magnet  will  be  at  its  minimum. 
In  fact^  experiment  shows  that  with  an  armature  one  inch  in 
breadth  and  one  eighth  of  an  inch  in  thiclaiess,  the  difference  in 
the  respective  forces  resulting  fi-om  the  position  of  the  armature, 
whether  flat  or  edgewise,  is  the  ratio  of  ninety-two  to  fifty-nine  * 


*  Th«  form  and  maas  of  the  armfttiires  should  depend  upon  seveml  cooaidef- 
at)0Q9,  bn(  principally  upon  the  lunctious  which  tbev  are  required  to  fulfil.  In 
respect  to  force  alutio^  theae  armatures  ought  always  to  b«  a  \k\lQ  broader  Uiaa  the 
poles  which  act  upoit  them  ;  the  length  ought  to  exceed  by  four  or  five  hofis  Iha j 
polar  eztrermtiea  of  the  magnet,  and  their  thickness  ought  to  rary  according^  to^ 
the  force  of  the  magnet  It  ia  oven  asserted  that  for  a  ^reu  magnelie  force, 
this  thickness  is  susceptible  of  a  maximum^  beyond  which  iharo  is  aloas  of  potrer 
when  the  thickoeas  is  8^11  further  augmented.  It  is  easy  to  understand  tliat  thia 
condition  of  force  cannot  always  be  realized,  for  if  wo  require  a  very  rapid  mgrf 
laenC  of  tbo  armature,  we  ought  to  make  the  latter  as  light  as  poeatble. 
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On  the  other  hand,  it  is  easy  to  understand,  that  in  order  to  allow 
the  greatest  possil^le  amount  of  play  with  the  least  loss  of  power, 
it  is  pi^eferable  to  pivot  the  armature  in  such  a  way  that  one  of  its 
extremitiea  is  in  contact  with  one  of  the  magnetic  cores,  and  the 
other  end  alone  movable.  In  this  manner  the  armature  moves 
angularly,  and  the  force  which  is  developed^  compared  with  that 
which  is  obtained  from  the  same  armature  moving  parallel  to 
the  axis  of  the  cores,  is  nearly  double,  being  in  fact,  in  the  ratio 
of  one  hundi'ed  and  twenty-five  to  sixty-four.  The  reason  of  this 
is  obvious,  when  we  consider  that  the  distance  through  which  the 
attractive  force  is  exertefl  is  by  this  arrangement  diminished  nearly 
one  halt  From  the  comparison  which  we  have  already  niade^  with 
the  yoke  uniting  the  cores  of  the  double  electro-magnet  with  its  ar- 
mature, we  can  readily  see  that  when  these  four  parts  are  equal  to 
each  other  they  constitute  a  double  system,  in  which  each  one  of 
the  magnetic  cores  composing  a  special  clectm- magnet  has  a  dis« 
tinet  armature,  which  armature  Ijeing  of  the  same  length  and 
surface  as  the  magnetic  core  which  acts  upon  it,  may  give  rise  to 
a  magnetic  reaction  under  conditions  analogous  to  those  of  the 
action  produced  by  the  magnetic  core  itself.  But  this  is  no  longer 
the  case  when  the  armatures  as  well  as  the  yokes  are  of  greater  or 
less  dimensions.  In  this  case  it  may  happen,  either  that  these 
armatures  cannot  furnish  the  sum  of  magnetism  necessary  to 
enable  them  to  respond  to  the  action,  or,  on  the  other  hand,  that 
the  cores  themselves  do  not  pjossess  sufficient  magnetic  mass  t*j  re- 
spond fully  to  the  reaction  which  would  otherwise  be  produced 
In  this  case  the  forces  depend  upon  the  shortest  parts  constituting 
the  magnetic  system,  but  as  the  proportion  of  the  total  force 
which  they  are  individually  able  to  furnish  is  proportional  to  the 
square  root  of  their  length,  and  as  one  of  these  parts  cannot  vary 
in  length  unless  the  other  also  does,  the  result  is,  that  when  the 
difTerent  parts  of  a  double  electro-magnet  are  not  equal,  the  f^^rce 
is  proportional  to  the  length  of  the  shortest  part  This  fact  waa 
lon^  since  discovered  find  made  known  by  Dub.  As  comllaries 
to  thi«  l«w  fht*  UftPT  gives  the  following  deductions,  which  may 
^©d  without  further  explanation : 
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1.  The  attractive  foi*ce  of  an  electro-magnet  ia  proponiuiuil 
to  ita  length,  when  the  lengths  of  all  the  diiferent  part^  of  wfiirh 
it  IB  composed  increase  in  the  same  ratio, 

2,  The  maxima  of  attractive  force  are  proportional  to  the 
varioiia  lengths  of  the  systems,  of  which  the  componeot  parta  are 
respectively  of  equal  length, 

8.  The  attractive  force  remains  constant  when  the  shortest 
pails  are  equal  to  each  other,  whether  tliese  are  represented  by 
the  electro-magnet  or  the  armature. 

According  to  tlie  British  Asaociatioil  committee^  electro-mag- 
netic forces  should  be  measured  by  the  method  of  repuli^ion,  and 
the  unit  of  electro-magnetic  force  is  represented  by  the  repulsion 
exerted  between  two  like  magnetic  poles  placed  at  a  distance  of 
one  mfetre  apart,  and  acting  on  each  other  with  a  force  repre- 
sented by  -jly  (gi-ammeant^tre)*  Neverthelesa,  as  the  greater 
part  of  the  experiments  which  have  1>een  made  up  to  the  preseni 
time  with  electro-maLTiets  have  been  made  by  means  of  a  balanoe 
and  weights,  the  existing  ratio  between  the  two  systems  of 
measures  still  remains  to  be  ascertained. 

The  accompanying  plate  shows  the  various  forms  of  electro- 
magnets generally  use^i  for  electrical  pui'poses.  Figs.  1,  2,  3,  4, 
6, 6  and  7  are  electro-magnets,  whose  poles  are  straight,  bevelled, 
tapering  or  flattened^  according  tr>  the  purpose  needed*  In  fig. 
3  the  copper  disks  or  end  pieces  are  soldered  to  the  core  of  the 
electro-magnet  In  fig,  i  the  core  is  hollow,  with  two  iron  disks 
at  the  extreme  ends  to  increase  the  polar  surfaces,  and  to  serve 
as  end  pieces  for  the  bobbins.  Fig,  6  represents  Bonelli  s  electro- 
magnet, in  which  the  armature  forms  a  part  of  the  magnetized 
core^  and  by  receiving  from  the  helix  a  direct  magnetization, 
makes  the  attraction  between  the  two  parts  more  powerful. 

Fig.  7  represents  an  electro-magnet  j>rovided  at  both  ends  with 
two  iron  pallets.  This  plan  is  used  to  advantage  as  an  armature 
of  an  electro-magnet,  in  which  case  the  pallets  correspond  to  the 
poles  of  the  elcctro-magnet  This  arrangement  has  been  adopted 
by  Mr,  Maroni  for  the  Italian  Morse  instruments.  Figs.  8,  9>  10, 
11, 12, 13, 17, 18  and  20  show  the  various  forms  which  have  been 
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given  to  the  double  branched  electro-magnets.  Fig.  9  represents 
the  best  known  and  more  generally  used  form.  Fig.  10  shows 
an  electro-magnet  in  which  the  helix  is  wound  around  the  iron 
core  without  retaining  disks  at  the  ends :  the  various  spirals  are 
wound  so  as  to  form  two  truncated  cones  in  opposite  direction 
to  their  base.  This  form  of  electro-magnet  is  especially  made 
use  of  in  Clark's  instruments,  to  favor  the  effects  of  induction, 
which  is  more  energetic  in  the  centre  of  the  cores  than  at  the 
extreme  ends.  Fig.  12  represents  an  electro-magnet  with  hollow 
cores  and  iron  end  pieces.  Fig.  11  represents  an  electro-magnet 
with  one  coil.  By  bringing  near  together  the  two  branches  of 
such  an  electro-magnet,  and  bending  the  free  branch  around,  as 
is  shown  in  fig.  13,  we  may  bring  the  two  poles  of  the  electro- 
magnet very  near  together,  and  hence  make  them  react  at  the 
same  time  on  an  armature  placed  endwise,  and  of  very  small  size. 
A  similar  form,  and  devised  for  the  same  purpose,  has  been 
adopted  by  Mr.  Hughes  for  the  two  bobbin  electro-magnets  of 
his  telegraphs,  the  branches,  however,  being  bent  back,  as  in 
fig.  17. 

If  a  soft  iron  cylindrical  case  is  placed  around  the  bobbin  and 
soldered  to  the  circular  end  piece  of  a  straight  electro-magnet, 
this  cylinder  will  share  the  magnetism  of  the  end  piece,  and  will 
present  a  like  pole  to  its  free  end ;  hence  there  would  be  at  one  of 
the  ends  of  the  electro-magnet  a  circular  pole,  in  the  centre  of 
which  the  other  pole  would  be  found,  as  shown  in  fig.  15. 
Manufacturers  of  these  tubular  electro-magnets  claim  a  great 
superiority  for  them  in  strength  over  the  other  forms.  Electro- 
magnets of  this  style  have  been  used  in  electro-motors,  the  poles 
being  oblong  instead  of  circular,  as  shown  in  fig.  21. 

If  we  place  over  an  iron  tube  electro-magnet  like  that  shown  I 

in  fig.  4,  two  soft  iron  cylindrical  cases,  leaving  between  them,  \ 

towards  the  middle  of  the  electro-magnet,  a  small  open  groove, 
we  shall  obtain  a  circular  electro-magnet  having  a  different  pole  ! 

on  each  of  the  two  iron  cases  which  surround  it,  and  hence  \ 

acting  through  its  two  poles  at  the  same  time  on  a  longitudinal  i 

or  circular  armature,  on  which  it  rests.     This  form  of  magnet,  as 
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shown  in  figs.  16  and  28,  has  been  proposed  for  magnetizing  the 
wheels  of  loc^omotives  on  railroads,  and  as  an  electro-transmitter 
of  motion  to  sapply  geiire. 

By  bending  the  yoke  at  nght  angles  the  two  opposite  poles  of 
an  electm-magnet  may  te  made  to  face  each  other,  as  shown  in 
fig.  18 ;  and  by  cutting  the  yoke  in  two,  and  sliding  the  two  free 
parte  in  a  groove  made  in  a  plate  of  soft  iron,  tlie  distance  of  the 
poles  from  each  other  may  be  regulated  at  will.  When  it  is 
deaired  that  an  armature  should  oscillate  between  the  two  poles 
of  an  electro- magnet,  in  which  case  magnetic  armatures  are 
usually  employed,  tiiere  are  three  ways  that  may  be  followed : 
the  poles  of  the  electro-magnet  may  be  bent  in  such  a  way  as  to 
stand  opposite  to  one  another  at  any  desired  distance  apart, 
or  the  two  cores  are  brought  sufficiently  near  each  other  to 
allow  the  oscillation  to  take  place  between  them ;  or,  lastly,  the 
cores  themsehxs  are  inclined  at  the  proper  angle  to  bring  the 
poles  near  to  each  other.  The  latter  method  possesses  a  slight 
advantage  over  the  others,  in  not  requiring  any  marked  lengthen* 
ing  of  the  cores,  which  is  always  detrimental ;  and  at  the  same 
time  it  allows  a  direct  attraction  on  the  armature,  which  is  moro 
powerfid  than  lateral  attmctions*  Fig.  20  represents  a  magnet 
of  this  description. 

Electro-magnets,  with  multiple  poles,  as  shown  in  fig,  19,  are 
sometimea  employed  for  large  electro-motors.  These  magnets  con- 
sist of  an  ii'on  bar,  carr}nng  eight,  ten  and  twelve,  or  even  more, 
iron  cores,  on  which  the  magnetizing  helices  are  placed ;  the  even 
branches  are  all  magnetized  alike,  or  are  of  the  same  polaritVt 
while  the  uneven  arc  of  the  other.  The  result  is,  that  any  one 
of  these  poles  always  stands  between  two  poles,  whose  magnet- 
ism is  oppo8ite  to  that  of  the  one  considered  Electro-magnets  of 
this  construction  are  very  powerful,  and  consequently  of  consider- 
able importance  in  the  constniction  of  electro-motors.  Attempts 
have  also  been  made  to  magnetize  iron  plates  in  different  ways. 
Fig.  22  shows  one  arrangement  of  this  kind  constructed  by  Joule, 
in  which  the  plate  is  rolled  into  a  cylindrical  form,  and  the  wire 
wound  around  it  in  the  direction  of  the  length  of  the  cylinder 
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By  cutting  a  series  of  grooves  in  an  iron  plate,  and  introduce 
ing  therein  an  insulated  wire^  bent  back  upon  itself,  as  shown  in 
fig.  23|  Mr.  Pnlvennacher  has  succeedetl  in  making  electro- 
magneta,  with  multiple  poles,  similar  to  those  of  Mr.  FromenL 
With  a  single  wire,  however,  these  magnets  are  not  verv  power- 
ful ;  but,  aa  they  occupy  but  very  little  room,  their  number  mar 
be  multiplied  considerably.  By  making  the  grooves  larger  and 
the  projection  thicker,  the  wire  may  be  turned  back  on  itself 
several  times,  and  the  magnetic  effect  thereby  be  corn?spondingly 
izicreased.  Among  the  various  other  methods  of  constructing 
this  style  of  electro-magnets,  there  is  one  snggested  by  ^tr.  Pub 
vermacher  which  is  worthy  of  note,  as  giving  a  large  amount 
of  magnetic  power  within  a  comparatively  limited  space.  It 
consists  in  making  the  plate  itself  of  sheet  iron  bands,  one 
twent^^-fifth  of  an  inch  thick,  placed  one  next  to  the  other,  and 
separated  only  by  sheets  of  card  board.  An  electro-magnet  of 
this  fonn^  when  compactly  enclosed  within  its  copper  frame^  and 
having  projections  of  only  one  fourth  of  an  inch,  will,  it  is  said, 
give  good  results,  although  but  a  single  conductor  of  about  one 
eighth  of  an  inch  diameter  is  wound  in  the  groo^'es. 

ARRANGEMENT  OF   ARMATURES* 

The  armatui'e  of  an  electro-magnet,  whether  consisting  of  a 
temporary  or  permanent  magnet,  or  simply  of  a  soft  iron  bar, 
may  be  aiTanged  in  various  ways  relative  to  the  electro-magnet, 
which  acts  upon  it  It  may  be  hinged  to  the  two  bobbins  of 
the  electro-magnet,  or  other  suitable  fixture  in  their  neighbor- 
hood, as  in  fig  33,  in  which  ease  ite  movement  is  effected 
parallel  to  the  axial  line  of  the  electro-magnet.;  and,  oonse- 
quently^  the  attraction  of  the  two  poles  on  the  iron  is  equal  at 
both  ends.  It  may  be  articulated  by  one  end,  as  in  fig.  38,  bis, 
in  which  case  the  movement  takes  place  in  an  angular  manner 
with  respect  to  the  axial  line ;  and  hence  the  action  of  the  two 
poles  on  the  iron  isunequal*  but,  nevertheless,  very  efficacious,  as 
one  of  the  poles  acts  nearly  in  contact;  or,  lastly,  it  may  be 
articulated  between  the  poles  of  the  electro-magnet  by  means  of 
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a  pivot  parallel  to  the  branches  of  the  latter,  as  in  fig,  36.  The 
movement  then  partakes  of  a  tilting  motion,  and  the  attraction 
is  effected  in  a  lateral  direction.  This  arrangement  of  armatures, 
however,  applies  only  to  the  direct  action  of  electro-magnets, 
which  may  be  either  normal  or  lateral.  When  we  desire  to 
employ  the  force  of  the  latter  on  their  armatures,  through  their 
reciprocal  magnetic  reactions,  the  an-angement  of  the  armatures 
may  be  modified  in  three  diflerent  ways. 

They  may  be  fitted  flatwise,  with  regard  to  the  poled  of  the 
electro-magnet,  to  the  end  of  a  lever,  whose  opposite  end  i*? 
hinged  near  the  yoke  of  the  electro*magnet^  and  whoso  motion 
is,  consequently,  in  a  direction  at  right  angles  to  the  line  joining 
the  poles.  The  armature,  being  then  placed  about  one  twenty- 
fifth  of  an  inch  above  the  polar  ends  of  the  electro- mag  net,  is 
carried  over  the  poles  by  the  magnetic  action  of  the  latter 
until  its  centre  coincides  with  the  axial  line  of  the  magnet  This 
is,  as  remarked  elsewhere,  one  of  the  best  means  of  obtaining  a 
large  excursion  of  the  armature ;  but,  when  the  magnet  is  some* 
what  powerful,  there  is  some  risk  of  ben<ling  the  Bupporta  Fig. 
37  sufficiently  indicates  this  ai*rangement  The  second  way  of 
arranging  anuatures  to  obtain  a  similar  magnetic  reaction  is  to 
pivot  them  so  as  to  tilt,  as  shown  in  fig,  36,  above  the  ends  of 
the  magnet,  which  is  provide<l  with  soft  iron  nole  pieces.  Siemens 
emp!(»yed  this  metliod,  in  1848,  for  his  dialtelegraph* 

The  third  arrangement  consists  in  pivoting  them  in  such  a  way 
as  to  allow  of  their  turning  between  the  poles  of  the  electtx». 
magnet,  the  edges  of  which  have  been  hollowed  out  in  onler 
that  the  armature  may  turn  freely  thmugh  nearly  half  of  si  cir* 
eumference,  as  in  fig.  38.  This  is  evidently  the  best  arrange- 
ment, as  the  normal  attmrtion  of  the  poles,  which  is  not  oon- 
cemed  in  the  angular  displacement  of  the  armature^  is  in  this 
case  exerted  at  the  two  extreme  ends  of  the  armature^  and  in 
opposite  directions.  There  is,  consequently,  no  in]\irious  results 
to  be  apprehended  either  to  the  pivoting  or  from  any  flexion 
of  the  armature  or  pieces  that  support  it. 

One  advantiige  in  employing  electro-magnetic  arrangements  of 
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this  description,  besides  the  greater  armature  excurBions,  is  that 
with  the  armature  at  but  a  little  distance  from  the  poles  of  the 
electro-magnet,  the  direct  magnetic  action,  which  is  always  the 
strongest,*  reacts  from  the  first  instant  of  the  armature's  move- 
ment, which  is  pi-ecisely  opposite  to  what  takes  place  in  other 
systems  of  attraction,  and  hence  it  is  that  its  advantages  in  many 
instances  are  so  marked.  Two  methods  of  arranging  the  arma- 
tures, and  allowing  the  use  of  bar  electro-magnets  in  place  of 
double  branched  magnets,  are  shown  in  figs.  29  to  31.  These 
were  first  employed  in  a  couple  of  electro-motora  exhibite<l  in 
1855.  In  one,  the  armature  is  bent  twice  at  right  angles  to  itself, 
so  as  to  bring  its  extremities  opposite  the  two  poles  of  the  electro- 
magnet ;  the  piece  which  supports  it  stands  perpendicular  to  the 
axis  of  the  electro-magnet,  and  passing  through  the  latter,  may 
also  carry  another  armature,  as  shown  in  fig.  29.  In  the  other 
arrangement  the  electro-magnet  is  hollow,  and  the  armature  in 
this  case,  a  straight  bar  of  irr>n,  is  placal  inside  the  iron  cylinder, 
and  the  armature  supjjort  passes  through  tlur  electro-magnet;  thcs 
action  of  the  latter  l<  manifest  in  one  rlirection  or  another,  iU'cord- 
ing  to  the  proximity  of  the  annature  to  one  or  the  other  of  the 
inner  sides  of  the  cylinder.  Prefenible  forrn.s,  on  arrioiint  of  the 
simplicity  of  the  arrangement  of  the  various  parts,  an;  nhown  in 
figa  30  and  31.  in  which  an  oblong  shaj^f;  is  given  to  the  electro- 
magnets. 

In  using  any  of  the  different  combinations  h^n*,  rffrrrfA  t/>, 
it  is  well,  whenever  practicable,  tf}  pivot  th^;  arrnntuniH  on  iH>inti4, 
for  which  purpose  it  is  only  rieces-tary  U)  frinj;loy  wr#!W  HijpjH>rtH 
in  the  framework.  Sometimes,  however,  Mf^rinv;  HUf^|K>rt44  may  U; 
used  instead,  in  which  ca^/;  tiiey  urf,  jily^;  uisuh  Ut  Ht,rv(i  as 
retractile  springs  to  withdraw  the  ;jrrriat.iin;  ;if ty-r  thr,  r.urrtMit  )ifin 
been  interrupted  <'.See  fig.  '74.;  Ttt'in  firrunyt'ifU'.ut  i«  rM]}i'fi'ut\\y 
advantageous  when  a  oontinuo»j.s  vibntion  of  th*i  iirrnfttnr';  in 


At  the  €«l^es  of  :hft  po.f^  '.'.ar.  w  iu  r^r.'r'j.  a  f^'  t  ',f  ■ff\,\t)t  w»  '■■in  fftvM/  f^f^r^^ 
rince  oaraclT«w  'r,j  *.*yi' '*'.'./  \  p'^A  of  v/ff,  If.fi  huf\  /if  jk/^ihj^  It  t,ofrf,h\]/  fr/t-r 
the  poUr  ceatfw.    Tr.*  iror.  wi.i  r^  4r*wn  fr>m  tti*  "•         •'»WAr4*  ilm  Ms^a^ 
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<lesiTPf],  as  in  electric  bells  and  electro-medical  instruments. 
When  two  different  mechanical  effects  are  to  be  obtiined  finom 
a  single  electro-magnet,  without  the  emplo3-ment  of  magnetic 
amiatura^y  two  soft  iron  armature?,  placed  parallel  to  and  along- 
side of  each  other,  are  required ;  but  in  such  cases  the  retractile 
springs  must  be  unequally  stretched.        , 

By  arranging  two  separate  batteries  in  connection  with  a 
tmnsmitter  corresponding  to  an  electro*magnet  of  the  previous 
description^  and  adjusting  the  springs  properly,  it  is  possible  to 
actuate  either  one  of  the  armatures  at  will  without  the  other 
taking  part  in  the  movement. 

In  the  arrangement  shown  in  fig.  27,  in  which  the  armature 
plunges  into  the  magnetizing  helices,  we  have  another  form  of 
electro-magnet,  whose  action  is  similar  to  that  of  a  piston  in  a 
steam  engine.  Each  part,  is  composed  of  two  cylinders  of  j*oft 
iron,  unitetl  by  a  yoke  of  the  same  metal,  and  thus  really  form- 
ing a  double  electro-magnet,  although  but  a  single  pair  of  helit^es 
are  employed. 

Various  other  arrangements  of  electro-magnets  with  perma- 
nently magnetized  armatures  are  also  employeii  The  simplest 
arrangement  for  this  kind  of  magnets  is  that  repi^sented  in  fig, 
39,  which  is  nothing  moi*e  than  a  bar  electro- magnet  provided 
with  one  or  two  armatures  jointed  at  one  end.  The  anmngement, 
however,  is  not  well  adapted  for  use,  except  when  it  is  desired 
to  produce  a  double  mechanical  effect  by  means  of  a  single  wira 
When  greater  force  is  required  t^vo  bar  electro-magnete  may  be 
employed,  placed  side  by  side,  as  shown  in  fig.  42.  The  arma* 
tui-es  are  then  pivoted  at  their  centres,  and  their  limiting  contacts 
are  placed  on  opposite  sides  of  a  connecting  lever,  or  of  the  ends 
of  the  armatures  themselves,  the  adjustment  being  so  regulated 
that  the  magnetic  reaction  of  the  electro*magnet  on  the  latter,  or 
vice  vermj  at  the  moment  of  attraction,  will  not  interferre  with  tlie 
desired  mechanical  effects,  notwithstanding  the  similarity  of  the 
poles  which  stand  opposite  to  each  other.  It  must  not  be  \mdei** 
stood,  however,  with  two  bar  electro-magnets  arranged  so  as  to 
present  unlike  poles  on  the  same  side  of  an  armature,  that  the 
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latter  can  be  applied  as  shown  in  fig.  89  with  arl  vantage ;  on  the 
contrary^  such  is  not  the  ease^  as  the  increased  attractive  effect  of 
the  pole  nearest  the  pivoting  of  the  armature  is  far  les3  marked 
than  the  decrease  in  the  magnetiising  power  of  the  cniTeot,  due 
to  tlie  increased  resistance  of  the  circuit  by  the  introduction  of  an 
arklitional  helix*  But  hy  combining  the  armatures,  as  shown 
in  tig.  40,  almost  equally  good  results  might  be  obtained. 

With  the  foregoing  arrangements  combined  with  other  form> 
of  electro-magnets,  such^  for  instance,  as  that  shown  in  fig.  42. 
the  application  of  permanently  magnetized  armatures  is  easily 
made,  and  the  magnetic  energy  somewhat  increasetL 

When  magnetic  armatures  are  to  l>e  act^d  upon  by  both  at- 
traction and  repulsion,  double  electro-magnets  should  be  em- 
ployed*  Figs.  40  an<l  41  show  the  more  frequently  used  forms ; 
and  Ijotli  present  the  advantage  of  allowing  the  additional  action 
of  a  tbinl  force,  which  may  be  gravity.  In  fig,  40  the  armatui-e 
is  a  thin  magnetized  piece  of  steely  suspended  from  two  pivots 
so  as  to  oscillate  l>etween  the  four  poles  of  two  double  electrtj- 
magnets,  whose  helices  are  comiected  in  such  a  way  that  the  ends 
of  the  magnets  facing  each  other  are  of  opposite  polarity  when 
the  current  circulates.  When  the  current  is  interrupted^  thej 
weight  of  the  armature  keeps  the  latter  in  a  vert  lad  poeition,*^ 
equidistant  between  the  polea  In  fig.  41  the  armature  is  pivoted 
at  its  centre^  so  a^  to  vibmte  between  the  poles  of  two  electro- 
magnets, but  it  will,  of  course,  be  understood  that  a  single 
double  electro-magnet  may  be  employed.  Fig.  43  represents  a 
form  in  whicli  the  electro-magnet  itself  is  movable  while  the 
armature  is  fixed,  but  the  arrangement  is  not  a  good  one  where 
rapidity  of  movement  is  desired.  Fig.  44  shows  still  another 
combination,  somewhat  similar  to  that  represented  in  fig. 41,  but 
in  which  the  annature  is  of  soft  iron  and  rendered  magnetic  by 
the  addition  of  a  surrounchng  coil,  instead  of  being  pennanentlv 
magnetic  itself. 

The  same  principle  has  also  been  tried  in  connection  with  the 
quadruplex  system  in  the  earlier  experiments,  when  an  electro- 
magnetic,  instead  of  a  polarized,  ai*mature  was  used. 
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STANDARD  TIME,    XKW    YORK   CITT. 

The  staudaRl  time  of  New  York  City  ha^  for  some  montlui 
been  determined  bv^  the  dropping  of  a  ball  al»ve  the  WesUTti- 
Uniori  Telegraph  building,  ut  the  eonier  of  Bi-ondway  and  Deyl 
Street,  precisely  at  noon  each  day,  by  an  opei^ator  seated  in  the 
National  Observatory,  at  Washington. 

The  upper  portion  of  fig.  316  shows  the  time  ball  raised  al 
little  above  the  8up{)orts  on  which  it  is  receiver]  when  it  tath^ 
and  also  the  slriK'ture  of  tlie  iron  pole  on  whieli  the  ball  sVulu 
The  i^lan  of  the  ball  is  shown  in  fig.  S16.     Though  from  a  dis^^ 
tance  the  ball  appears  to  be  solid,  it  is  in  i*eality  composed  of  a 
dozen  thin  vanes  of  sheet  copper  dispo.sed  radially^  balf  of  theui| 
semiciivlcs,  the  rest  crescents.     By  this  device  the  \dsual  effect* 
of  a  solid  ball  is  sec'ured  with  the  le;i«t  possililc  resistance  to  the 
wind  or  to  the  air  when  falling.     The  man  in  the  figure  stauda^ 
two  buncb-ed  and  eighty  seven  feet  aliovc  the  street,  and  the  ball 
rises  twenty-eight  feet  higher.     The  ball  falls  twenty*lbree  fout* 
and  is  received  by  the  sb:  plungei*?^  almady  mentioned,  which 
enter  the  closed  cylinders  attjiched  to  the  ball,  pix>viding  as 
many  air  cushions  for  the  arrest  of  Uie  motion  of  the  tall  with* 
out  the  ehock.    The  moment  the   ball  l>egins  its  downwartl 
course  is  noon. 

Five  minutes  before  noon  the  officer  in  chaise  of  the  station 
climb;4  to  the  mom  in  the  tower,  shown  in  fig,  317,  and  raises 
the  Wll  nearly  to  the  top  of  the  pole.     This  is  done  by  meaus^ 
of  a  drum  fixed  at  the  right  hand  end  ol:  the  Uible;   Uie  cordj 
from  the  tlrum  ]iassing  upward  through  a  box  to  the  foot  of 
the  tower,  thence  through  the  air  to  the  ttjp  of  the  pole,  v/ 
piasses  over  a  pulley  and  is  atUiched  to  the  l>u11.     Two  t 
before  noon  a  signal  is  received  from  Washington  that  all  is 
ready,  whereupon  llie  ball  is  raised  to  the  t<ip  of  the  pole,  andi 
the  crank  removcil.   Tlie  ball  is  now  held  in  position  by  meaois  u£ 
the  lever  shown  in  the  cut,  one  end  of  which  engjiges  the  ratchet 
wbeel  of  the  drum,  the  other  being  eaught  in  the  notch  in  the 
little  standard  to  the  left.     The  latter  is  attached  to  the  armature 
of  an  electro-magnet,  which  is  placed  in  telegraphi*'.  connection 


and  the  ball  drops.  The  instant  the  ball  reaches  the  base  of  the 
pole  the  fact  is  autoniatically  reported  at  Washington  through 
the  electric  tell  tale  shown  at  the  left  end  of  the  table,  fig.  317. 
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nng  to  the  great  height  of  the  bail  when  miscd,  it  i 
for  many  miles  around ;  and  directly  or  indirectly  the  ci-.  _  _.        i 
watches  of  some  two  millions  of  people  are  thereby  kefii  fioni 
straying  far  from  the  true  lime.     Even  as  far  ofE  as  I' 
N.  J.,  uccortliug  to  a  local  paper^  the  principal  of  apxibli^ 
regulates  his  clock  daily  by  the  falling  ball     The  ball  and  it 
discharging  apparatus  were  designed  by  Mr.  George  M.  Ptielp 
superintendent  of  the  Western  Union  manufactory.     The  put 
lie  service  thus  rendered  by  the  Western  Union  Telegraph  Gim-^ 
pany  is  wholly  gratuitous,  and  affords  not  only  a  notable  illuB- 
tration  of  tlie  public  spirit  of  this  great  corporation,  but  al^o 
illustration  of  the  far  reaching  indii^ect  benefits  which  ai>plie 


Fig.  316. 

science  is  constantly  conferring  upon  modem  life,  free  of  ex- 
pense  to  the  recipients. 

But  the  time  service  does  not  end  here*     To  reap  the  full 
benefit  of  the  time  ball^  a  great  number  of  people  must  wat 
for  its  fall ;  that  takes  time^  and  time  is  money.     It  is  oheac 
to  employ  one  man  with  a  little  machinery  to  regulate  the  til 
of  all,  and  the  service  is  much  more  surely  attended  ta     Ac-' 
cordingly,  Mr,  J,  Hamblet  has  inti'oduced  a  system  of  eonstauu 
time  service^  by  which  our  clocks  may  be  kept  constantly  und< 
the  electrictd  control  of  a  central  i-egulator  or  standard  ck 
which  is  kept  in  exact  time  with  the  clock  of  the  Nation 
Observatory,  at  Washington,  due  allowance  being  made, 
course,  for  the  difference  in  geographical  position* 
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The  central  regulator  is  stationed  in  the  Western  Union  TeT?^ 
graph  Company  s  building,  aud  is  so  constructed  as  to  keep  time 
with  the  higbejst  attainable  accuracy.  In  addition,  it  is  every 
day  cunipai*ed  with  the  clock  of  the  National  Observatory^  wt 
Wasliington,  and  checked  by  the  daily  time  observations  mack 
iit  the  observatories  at  Allegheny,  Pa.,  and  Cambridge,  Mas^, 
with  which  it  is  in  telegraphic  connection.  By  this  it  must  not 
be  inferred  that  the  clock  in  question  is  kept  in  exact  accord 
with  either  or  all  of  the  obscrvat<:)ry  clocks,  that  being  a  me- 
chanical  impossibilit)^  The  range  of  variation,  however,  is  kept 
within  a  few  hundredths  uf  a  second.  It  is  possible  to  measiin; 
and  record  the  hundredth  part  of  a  second.  Fig.  318  will  nmke 
clear  how  it  is  done.  It  shows  a  section  of  the  paper  tape  of  the 
chnjnograph»  whit'h  is  used  in  comparing  the  standard  clock 
with  the  clock  of  the  Washington  ObservatoiT.     The  clirono- 


FXg,  318, 

graph  is  ekotrically  connected  with  both  clocks,  and  reconis  the 
pendulum  beats  of  each  on  the  strip  of  paper.  If  the  beats  are 
exactly  synchronous,  the  dots  stand  side  by  side.  If  the  beats 
are  not  synchronous,  the  dots  will  be  separated  by  an  interval, 
long  or  shorty  according  to  the  difference  of  the  clocks — ^that  is, 
the  difference  in  time  between  the  beginnings  of  corresponding 
beats — aud  the  speed  of  the  chronograph.  Supposing  the  clodc  ^ 
to  be  beating  seconds,  and  the  chronograph  to  discharge  an  inch 
of  tape  each  second,  it  is  obvnous  that  the  dots  n:*cordin^  the 
beats  of  each  clock  will  stand  one  inch  apart.  It  is  obvious, 
t0O|  that  the  lineal  space  between  the  recoixiing  dots  of  two 
clocks  not  beating  exactly  together  can  easily  be  me^isured,  as 
shown  by  the  scale  placed  below  the  dots  in  the  cut  (fig.  818), 
and  thereby  the  difference  in  time  exactly  determined 

The  next  step  in  the  time  service  is  to  distribute  the  accmute 
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flU 


time  thus  maintained  to  such  as  want  it,  which  is  done  through 
an  electrical  attaeiimetit  t*3  the  ^taiulaixl  clock.  This  controlling 
clock  was  constructed  by  E.  Howard  &  Company,  of  Boston, 
from  designs  by  Mr.  Hamblet,  and  has  a  Dennison  gravity 
escapements  The  front  clcjck  plate  and  the  electrical  mechanism 
are  shown  in  lig.  319.  Tlio  wheel  in  the  centre  with  the  second 
hand  revolves  once  a  minute.     One  of  its  thirty  teeth  has  heca 


/Itj/.  319. 

flletl  away,  the  vacant  space  causing  the  omisvHion  of  the  tick 
which  would  otherwi>se  mark  the  fifty-eighth  second  of  the 
minute  The  remaining  teeth  act  upon  a  delicate  jeweled  spring, 
which  breaks  an  electric  circuit  at  the  passage  of  each  t<x)th. 
The  two  wires  connecting  with  this  spring  an<l  its  banking  oper- 
ate the  relay,  at  the  left  of  the  figure^  and  through  it  the  sounder, 
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which  indicates  the  beginning  of  each  minute  by  a  pause  of  two 
seconds.  The  beginning  of  each  five  minutes  is  identified  by  a 
pause  of  twenty  seconds,  obtained  through  the  agency  of  the 
five  minute  wheel  to  the  left  of  the  seconds  wheel  At  each 
revolution  of  the  five  minute  wheel  the  lever  at  the  top  drops 
into  tlie  notch  in  the  wheel,  making  electric  connection  between 
the  two  wires  goveraing  the  relay,  thus  j^reventing  the  minute 
wheel  from  breaking  the  circuit  for  the  space  of  twenty  seconds. 
At  the  right,  near  the  top  of  the  figure,  is  shown  a  sounder, 
which  may  be  located  at  any  point  on  the  lines.  It  is  by  means 
of  these  sounders,  with  which  the  recipients  of  the  service  are 
supplied,  that  their  time  pieces  are  regulated. 

The  practical  advantages  of  this  constant  and  trustworthy  time 
service  will  appear  to  any  one  who  has  to  do  with  imi)ortant 
commercial  or  industrial  affairs.  One  of  the  great  sources  of 
friction  in  social  and  business  iutercoui^se  is  time  variation  and 
uncertainty.  The  maintenance  of  a  common  and  authoritative 
standard  will  go  far  to  lessen  such  friction,  to  the  great  time 
saving  of  all  classes,  and  the  prevention  of  many  mistakes  and 
misundei*standings.  Where  thousands  are  engaged,  delays  of  no 
more  than  a  minute  at  a  time  amount  in  practical  effect  to  the 
loss  of  hours,  days,  even  months  of  individual  labor.  In  a 
factory  employing  only  three  hundred  men,  a  variation  of  one 
minute  in  the  signal  for  starting  and  stopping  means  the  loss  of 
one  man's  work  for  a  whole  day. 
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ABBOAD,  the  telephone,  83. 
Accessorlets  and  coimections  of   tho 
carbon  telephone,  iSmc. 

Anvil,  hammer  and  8tirrup,  5. 

Ampdre  on  the  repulsion  of  different  ele- 
ments of  a  current  for  each  other,  145. 

Applications  of  the  phonograph,  905. 

Application  of  permanent  magnets  to  tele- 
phone, 2S». 

Apparatus  for  prodncing  undulatory  cur- 
rents, 70. 

Articulating  telephone,  66. 

Articulate  hpeech,  transmission  of,  199. 

Atmospheric  vibrations,  5. 

Atlantic  cable,  resistance  of,  86. 

Autographic  telegraphy,  60. 

Auditory  nerves,  8. 

Austin,  Charles  K.,  telephonic  experiments, 
279. 

BKLL,  Professor  A.  G.,  speaking  telephone, 
17 ;  researches  in  telephony,  50,  256. 

Bell  call,  24. 

Bentley,  Henry,  experiments  with  tele- 
phones, 'itib. 

Beatson's  researches  iu  telephony,  55,  112, 
122,  182. 

Blake,  Professor  Eli  W.,  contributions  to  the 
speaking  telephone,  274  ;  use  of  railway 
track  for,  79. 

Blake,  Dr.  Clarence  J.,  experiments  with  a 
phonautograph  made  out  uf  a  human 
ear,  09. 

Bonrseilles,  Charles,  proposed  telephone,  147. 

BottgerMPolytechnicalNotezulatt,  147. 

Bregnet*s  telephone  and  telephonic  investi- 
gations, 287. 

CARBON  telephone,  85:  measuring  resist- 
ance of,  85  ;  invention  of,  228. 
Cable,  working  telephone  through,  87. 
Centennial  exhibition  of  telephone,  73. 
Channing,  Dr.  William  F.,  telephonic  inven- 
tions, 76,  274. 
Characteristics  of  sound,  95 ;  of  the  phono- 
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Condenser,  application  to  telephone,  81. 

Combination  of  the  Morsd  and  harmonic 
telephone,  167. 

Construction  of  the  telephone,  68,  298. 

Correlation  of  forces,  42. 

Clarke,  Louis  W.,  researches  and  experi- 
ments in  telegraphy,  76,  279. 

Current  induction,  arrangements  for  neu- 
tralizing, 892. 

Currents,  intermittent,  pulsatory  and  undu- 
latory, 54. 

Currents  produced  In  the  telephone,  291. 


f  \elezesnb's  researches  In  telephony,  S6, 

±J     117.  139. 

De  la  Kive,  researches  in  telephony,  55, 112, 
181. 

Diaphragm,  vibrating,  16. 

Discharge  of  a  Leyaen  jar  throngh  an  iron 
wire  causes  the  >vire  to  produce  a  sotmd, 
122. 

Dolbear's,  Professor  A.  £.,  speaking  tele- 
phone, 19, 75  ;  researches,  260 ;  matnieto- 
electric  telephone,  263;  electrophone, 
267;  projective  apparatus,  269  ;  converti- 
bility of  sound  into  electricity,  272. 

Du  Moncel's  researches  in  telephony,  56, 146; 
theory  of  tho  telephone,  288. 

EAR,  human,  employed  as  a  phonaato- 
graph,  69. 

Early  experiments  in  telephony  by  Elisha 
Gray,  185. 

Edison's  telephonic  researches,  218;  Carbon 
telephone,  224  ;  talking  phonosrraph,  292; 
electro-static  telephone,  283;  electro-har- 
monic telegraph,  167 ;  thermo-electric 
telephone,  238  ;  quadmplex  telegraph, 
810;  electro-motograph,  871. 

Effects  produced  by  resonant  devices,  183. 

Electrical  rheotome,  119 ;  transmission  of 
speech,  146. 

Electro-msgnetic  piano,  52. 

Electro-motograph,  871. 

Electro-harmonic  telegraphv,  235. 

Electro-static  telephone,  281. 

Electric  call  bells,  875 ;  combination  keys, 
877 ;  apparatus  forgiving  the  signal,  879; 
the  Vibrating  bell,  880;  double  bells, 
882 ;  slns;le  bells  to  be  worked  without 
interrupting  the  circuit,  885;  electric 
alarm  with  relays,  887  ^iemens  and 
Halske  station  alarm,  888;  Breguet*s 
alarm  or  call,  888 ;  combination  of  a 
single  call  with  two  or  more  relays  for 
several  llnes,891 ;  Siemens's  and  Ualske's 
relays  with  annunciator  plate,  892; 
clock  work  alarm,  395. 

Electric  light,  400;  Brush's  improved  car- 
bons, ^7  ;  Brush's  dynamo-electric  ma- 
chines, 425;  Brush's  automatic  regula- 
tors, 412;  cost  of  the  light,  426;  Davy's 
experiments,  400;  Dnboscq's  regulator, 
403;  Farmer's  automatic  hunp,  409; 
Farmer's  dynamo-electric  machine,  428 ; 
Foucault's  regulator,  406;  Gramme's 
machine,  421 ;  Hart's  lamp,  409 ;  Jab- 
lochkofl's  candle,  410 ;  Ladd's  dynamo* 
electric  machine,  419  ;  magneto-electric 
machines,  418 ;  Siemens's  armature,  417 ; 
subdivision  of  the  light,  427 ;  tempera- 
ture of  the  arc,  401. 
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Electric  light,  430 :  nrrRiigement  of  clrcnU 
for  slrcet  lishtli]^,  isn  ;  antouintic  switch 
for  Jablochkotl  ciindle,  4^3;  ultemntiiij^ 
cofTcnt  machine.  4H2  .  Arelu-reatrp  cur- 
hons^    4S5 ;    nnnatvire  of  ihv    Gratuniti 
nmchtoi',  442 ;  Hrut<h  (UhurM*  niHlinp. 
485,  448;    Brui^h'e  an' 
412,    447 ;    Bunwn'ft 
cofit  of  Jftblwhkoff'j^ 
of  electric  lii^hi  with 
dies  p^T  ho^ir.  464  ;  <  > 
JkUt,  426, 4<i7,  510,  .•)!:>  = 
481  ;   com[iari8on  of  tiilTtr^jiit  curbous^ 
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Dou^ljiti,    455 ;     current    mid    electrO' 
tDotivo    force  of   dyimrooelectric   mn- 
chiae^,  464  ;    condition  of   ecunomicjil 
working,  4»i7 ;  currpnt  for  illamlnat^ng 
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experiments,  187;  violin  experiment, 
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covery of  the  speaking  telephone,  15 ; 
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